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GENERAL  REPORT. 


The  following  report  comprises  the  general  work  of  the  State 
Board  of  Health  for  the- year  ending  Sept.  30,  1890,  together 
with  certain  papers  upon  special  topics  of  sanitary  importance. 

The  report  embraces  the  following  subjects  :  — 

Report  to  the  Legislature  upon  Water  Supply  and  Sewerage, 

EMBRACING   THE   AdVICE   OF  THE  BOARD   GIVEN   UNDER   THE  AUTHOR- 
ITY OF  Chapter  375  of  the  Acts  of  1888. 

Examinations  of  Water  Supplies  and  Rivers  from  June  1,  1889, 
TO  Dec  31,  1890. 

,  Suggestions  as  to  the  Selection  of  Sources  of  Water  Supply, 
BY  F.  P.  Stearns,  C.E.,  Chief  Engineer  of  the  Board. 

Report  on  Food  and  Drug  Inspection. 

Summary  of  Weekly  Mortality  Reports. 

Paper  upon  Growth  of  Children,  by  Professor  H.  P.  Bowditch. 

Typhoid  Fever  in  its  Relation  to  Water  Supplies,  by  H.  F.  Mills, 
C.E. 

The  Health  op  Towns. 

The  following  members  comprised  the  Board  in  1890  :  — 
Henry  P,  Walcott,  Chairman. 


Hiram  F.  Mills, 
Frank  W.  Draper, 
Julius  H.  Appleton, 


Elijah  U.  Jones, 
Joseph  W.  Hastings, 
John  M.  Raymond. 


Theodore  C.  Bates  resigned  in  November,  1889,  and 
Joseph  W.  Hastings  of  Warren  was  appointed  to  fill  the 
vacancy. 
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The  term  of  office  of  Thoenton  K.  Lothrop  expired  in  June, 
1890,  and  John  M.  Raymond  of  Salem  was  appointed  to  fill  the 
vacancy. 

At  the  annual  meeting  held  in  June,  1890,  the  following 
officers  were  chosen  :  — 

Chairman,     ......        Henry  P.  Walcott. 

Secretary, Samuel  W.  Abbott. 

Under  the  provisions  of  chapter  375  of  the  Acts  of  1888, 
Feederic  p.  Stearns  was  reappointed  as  the  engineer  of  the 
Board  and  Joseph  P.  Davis  as  its  consultino;  eng-ineer. 

The  following  standing  committees  were  also  chosen  :  — 

Finance.  —  Messrs,  Appleton,  Walcott  and  Hastings. 

Publications.  —  Messrs.  Walcott,  Apjjletou  and  Draper. 

Water  Supply  and  Sewerage.  —  Messrs.  Mills,  Walcott,  Draper,  Jones 
and  Raymond . 

Public  Institutions.  —  Messrs.  Walcott,  Mills,  Jones  and  Draper. 

Legislation  and  Legal  Proceedijigs.  —  Messrs,  Appleton,  Hastings  and 
Raymond. 

Health  of  Towns  and  Corresjoondence  with  Local  Boards  of  Health. — 
Messrs.  Draper,  Mills  and  Hastings. 

Contagious  Diseases.  —  Messrs.  Jones,  Walcott  and  Dra]3er. 

Registration  of  Vital  Statistics.  —  Messrs.  Draper,  Walcott  and  Jones, 


Gontagious  Diseases. 

The  year  1890  was  unusually  free  from  severe  outbreaks  of 
contagious  disease.  The  only  noteworthy  epidemic  was  that 
of  influenza,  which  began  in  December,  1889,  and  ended  in 
February,  1890,  and  was  made  the  subject  of  a  special  in"vesti- 
gation  and  report  in  the  last  annual  report. 

8fnaTl-pox. 

The  total  number  of  cases  of  small-pox  which  were  reported 
to  the  Board  during  the  year  was  only  six,  of  which  one  only 
was  fatal.  The  cases  were  limited  to  four  families,  and  the 
particulars  relative  to  these  cases  are  detailed  in  the  following 
table :  — 
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Record  of  Cases  of  Bmall-xjox  reported  to  the  State  Board  of  Health  in  1890, 
under  the  Provisions  of  Chaj^ter  138  of  the  Acts  of  1883. 


— 

Place 

Date 

o 

B 

of 
Occurrence. 

of 
Report. 

Nationality. 

Age. 

Si 

g 

Occupation. 

.2  ■§ 
">  a 

it 

302 

1  1 

G't  Barrington, 

Feb.    17, 

Irish, 

24  yrs. 

M. 

- 

Operative, 

Yes. 

1 

2  2 

Gr't  Barrington, 

Mar.     2, 

Irish, 

20     " 

F. 

- 

Operative  in 
woollen  mill. 

Yes. 

- 

33 

Huntington, 

April  15, 

Fr.  Canadian, . 

.3    " 

F. 

- 

- 

Mo. 

- 

34 

Huntington, 

April  15, 

Fr.  Canadian,  . 

1    " 

M. 

- 

- 

No. 

- 

*5 

Boston, 

May     9, 

United   States, 

52    " 

M. 

- 

Teamster. 

- 

- 

S6 

Chelsea,     . 

- 

- 

18    " 

F. 

1 

- 

- 

- 

1  Contracted  in  Meriden,Conn.;  vaccinated  at  age  of  three  years. 

2  Sister  of  No.  1;  vaccinated  February  21. 

3  Father  and  two  aunts  worked  in  paper  mill  in  which  both  foreign  and  domestic  rags 

were  used. 
*  Doiibtful;  no  scar  to  be  seen. 
5  Date  of  death  June  9,  1890. 

The  total  number  of  deaths  in  Massachusetts  from  this  cause 
for  the  past  ten  years  has  been  as  follows  :  — 


Deaths. 

.  3 

.  9 

.  6 

.  1 


Years. 

Deaths. 

Years. 

1881,   . 

.    47 

1887,   . 

1882,   . 

,     45 

1888,   . 

1883,   . 

.       5 

1889,   . 

1884,   . 

.       3 

1890,   . 

1885,   . 

.     19 

1886,   .     ■    . 

.       1 

To 

Total,  ten  yeai'S, 


139 


Notice  of  the  occurrence  of  cases  of  small-pox  was  also 
received  from  the  public  health  authorities  of  the  following 
States  and  provinces,  these  notices  having  been  sent  in  com- 
pliance with  the  resolutions  adopted  by  the  International  Con- 
ference of  Boards  of  Health  at  Toronto,  Oct.  6,  1886. 

Connecticut. — Two  cases  at  Windsor,  January,  1890.  In 
these  cases  it  was  stated  that  the  disease  was  contracted  by 
riding  in  a  hack  in  which  a  previous  patient  ill  with  small-pox 
had  been  conveyed  to  hospital.  Four  cases  also  at  Windsor  in 
January,  contracted  by  persons  working  in  the  rag-room  of  a 
paper  mill.  Seven  cases  at  Meriden,  February  14,  origin  un- 
known. (The  Great  Barrington  cases,  reported  above,  origi- 
nated at  Meriden,  Conn.)  Nineteen  cases  at  Meriden,  April  1, 
contracted  from  previous  cases. 
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Michigan.  —  One  case  at  Grand  Kapids,  February  12 ; 
laborer;  origin  of  disease  unknown.  One  case  at  Big  Rapids, 
February  20  ;  origin  unknown. 

Province  of  Quebec.  —  One  case,  November  15,  at  Grosse 
Isle;  an  immigrant.  One  case,  July  5,  at  Grosse  Isle;  origin 
unknown.     One  case,  July  14,  at  Grosse  Isle  ;  origin  unknown. 

Kansas.  —  One  case  at  Topeka,  April  10;  origin  unknown. 

Maine.  —  One  case  at  Searsport,  June  6  ;  origin  unknown  ; 
came  from  Porto  Rico.  Three  cases  at  Searsport,  June  25, 
contracted  from  previous  case.  One  case  at  Searsport,  June 
17,  contracted  from  previous  case. 

Other  Infectious  Diseases. 

Two  cases  of  leprosy  were  reported  as  existing  in  Pennsyl- 
vania;  one  reported  from  Philadelphia,  April  1,  1890,  a  Chi- 
nese immigrant;  the  other  reported  November  1,  from  Chester, 
a  Swede  ;  had  been  a  resident  of  Chester  three  years. 

In  addition  to  these,  six  cases  of  typhus  fever  were  reported 
by  the  State  Board  of  Health  of  New  York,  Jan.  6,  1890. 
They  had  arrived  on  a  steamer  from  Antwerp  during  December. 

Diphtheria. 
The  attention  of  the  Board  having  been  called  to  the  follow- 
ing cases  by  the  local  boards  of  health  of  certain  towns,  special 
inquiries  were  made,  as  follows  :  — 

A  Report  on  Four  Cases  of  Diphtheria  in  Montgomery . 
At  the  request  of  Dr.  Abbott  I  went  on  May  13,  1890,  to  Hunt- 
ington to  see  some  cases  of  diphtheria  under  the  care  of  Dr.  W.  G. 
Kimball.  Dr.  Kimball  drove  me  to  Montgomery,  a  town  situated 
away  from  any  railroad,  some  one  thousand  feet  above  the  sea 
level.  In  Montgomery,  on  a  cross  street,  fully  one-quarter  of  a 
mile  from  the  nearest  house,  is  a  deserted  farm  which  is  occupied 
by  a  family  in  destitute  circumstances.  The  house  is  much  dilapi- 
dated, and  in  one  room,  used  also  as  a  kitchen  and  supplied  witb  a 
sink,  lived  father,  mother,  four  children  and  a  servant.  In  April, 
the  father  and  mother  went  to  Westfield  to  take  care  of  two  older 
children  who  had  diphtheria  in  that  town.  The  girls  lived  in  West- 
field  and  worked  in  a  tobacco  factory.  Soon  after  the  return  of  the 
parents  diphtheria  appeared  in  the  children  at  home.  Four  children 
have  since  had  diphtheria ;  a  girl  of  fifteen,  who  has  been  sick  two 
weeks ;  a  girl  of  eleven,  who  has  been  sick  one  week  ;  a  boy  of  five. 
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and  a  younger  child,  who  died  within  a  few  days,  of  laryngeal  obstruc- 
tion. The  fatal  case  was  the  only  one  in  which  there  has  been 
diphtheria  of  the  larynx.  In  the  other  cases  there  was  extensive 
exudation  on  the  pharynx,  fauces  and  roof  of  the  mouth ;  in  all  the 
cases  there  was  a  foul,  bloody  discharge  from  the  nose ;  in  all  the 
cases  vomiting  and  diarrhoea. 

At  the  time  of  my  visit  the  boy  was  pale,  had  a  small  and  thready 
pulse,  temperature  elevated  ;  both  nostrils  occluded  by  foul,  blackish 
crusts  ;  lips  ulcerated  and  black  ;  sordes  on  teeth  ;  tongue  dry  and 
cracked.     He  had  had  constant  vomiting  for  several  days. 

Girl,  fifteen  years  ;  pale,  emaciated,  with  a  waxy  appearance  and 
a  yellowish  tinge  of  the  skin  ;  nose,  lips  and  teeth  as  in  the  boy  ; 
pulse  small  and  feeble.  Looked  very  sick  and  like  a  person  suffer- 
ing fi'om  severe  septic  poisoning. 

Girl,  eleven  years  ;  not  as  sick  as  the  preceding  girl,  but  nose  and 
mouth  in  a  similar  condition. 

The  house  was  very  dirty,  the  people  poor  and  extremely  heedless. 
In  spite  of  the  great  devotion  of  the  attending  physician,  and  his 
earnest  request  to  the  contrary,  the  family  disregarded  all  his  orders 
and  used  the  same  cloths  to  clean  the  patients  and  wipe  up  the  kitchen 
utensils.  All  the  patients,  father,  mother  and  an  attendant,  were  in 
one  small  room.  In  a  kitchen  stove  was  a  large  fire  ;  in  the  corner  a 
sink  ;  three  beds,  a  sofa  and  one  chair  almost  filled  the  rest  of  the 
room. 

It  seems  evident  that  the  disease  was  brought  to  the  children  by 
the  parents,  who  attended  the  daughters  sick  with  diphtheria  in 
"Westfield.  The  child  that  died  was  buried  by  the  physician  and  the 
undertaker  on  the  morning  after  its  death. 

These  cases  all  belong  to  the  most  virulent  type  of  diphtheria,  and 
all  were  attended  by  severe  septicaemia. 

As  the  house  is  almost  worthless  Dr.  Kimball  proposes  to  burn  the 
house  and  contents  after  the  disease  has  run  its  course.  To  indorse 
him  in  this  view  he  asked  the  co-operation  of  the  State  Board  of 
Health. 

On  June  21  I  received  from  Dr.  Kimball  a  letter  reporting  that  all 
the  cases  seen  with  him  on  May  13  have  since  died.  One  of  the 
older  girls  died  in  Westfield ;  all  four  who  lived  in  Montgomery 
died ;  the  first  died  of  laryngeal  obstruction  on  the  fifth  day,  the 
others  on  the  fourteenth,  seventeenth,  and  twenty-third  days  respec- 
tively. No  other  cases  have  appeared  since  in  Montgomery'  or 
Huntington. 

Respectfully  submitted  to  the  State  Board  of  Health, 

Henky  Jackson. 

June  23,  1890. 
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An   Epidemic   of  Diphtheria   at  Easthampton,  Hampshire  County, 

Massachusetts. 

Easthampton  is  situated  on  the  river  Manhan,  three  miles  from  the 
Connecticut  River  and  about  one  and  a  half  miles  from  the  foot  of 
Mount  Tom.  The  chief  part  of  the  town  is  on  a  small  plateau  some 
hundred  feet  above  the  bed  of  the  Manhan.  South  of  the  centre  of 
the  town  are  two  large  ponds  which  are  utilized  for  manufacturing 
purposes.  Between  the  ponds  and  Mount  Tom  is  a  plateau  which 
slopes  gradually  down  to  the  pond  ;  across  this  plateau  runs  a  ravine 
from  south  to  north,  in  which  there  is  a  small  stream  which  empties 
into  the  lower  mill-pond.  A  part  of  the  plateau  slopes  towards  the 
south  or  upper  mill-pond,  another  part  towards  the  ravine  mentioned 
above,  while  the  northerly  portion  drains  into  the  lower  mill-pond. 
These  ponds  finally  empty  into  an  arm  of  the  Connecticut  River, 
which  in  past  times  formed  the  chief  bed  of  that  river. 

These  ponds  are  dammed,  and  in  dry  weather  the  flow  of  water  is 
so  slight  that  the  manufactories  on  the  banks  are  obliged  to  use 
steam.  Throughout  the  town  the  surface  soil  is  dry,  composed  of 
sand  or  gravel,  and  some  three  feet  below  the  surface  is  a  layer  of 
clay. 

The  town  receives  its  water  from  three  sources  :  first,  a  pond  some 
two  miles  west  of  the  town  and  now  rarely  used  ;  second,  from  a 
reservoir  situated  on  Mount  Tom  supplied  naturally  from  springs  in 
its  immediate  neighborhood.  This  reservoir  has  been  in  use  for  about 
a  year  and  furnishes  a  water  of  good  quality,  as  determined  by  chemi- 
cal analysis.  In  the  centre  of  the  town  there  are  sewers  ;  one  empties 
into  the  Manhan,  which  is  shallow  but.,  has  a  swift  current  even  in  dry 
weather  ;  the  opening  of  the  sewer  is  so  situated  that  it  is  not  exposed 
at  any  time.  Another  part  of  the  town  is  supplied  with  sewers  which 
empty  into  the  lower  mill-pond.  A  very  small  part  of  the  plateau 
towards  Mount  Tom  is  drained  by  a  sewer  which  empties  into  the 
upper  mill-pond.  Since  the  outbreak  of  diphtheria,  in  June,  a  sewer 
has  been  built  which  will  drain  a  large  part  of  the  most  thickly 
settled  part  of  the  plateau.  The  ravine  above  mentioned  would 
afford  a  natural  bed  for  a  sewer  which  would  drain  to  the  greatest 
advantage  the  remaining  section  of  the  plateau. 

The  town  is  situated  on  a  branch  of  the  Connecticut  River  Railroad. 
There  are  4,300  inhabitants.  During  the  last  four  years  an  accurate 
account  of  infectious  disease  has  been  kept,  and  during  that  time  the 
mortality  has  been  small  and  there  has  been  a  marked  absence  of 
infectious  disease,  as  will  be  seen  by  reference  to  the  subjoined  table. 
The  only  exception  to  this  rule  is  the  occurrence  of  an  epidemic  of 
typhoid  fever  some  years  ago  in  a  portion  of  the  town  called  "the 
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new  city,"  situated  some  distance  from  the  centre.  This  epidemic 
was  at  the  time  attributed  to  the  bad  hygienic  condition  of  a  mill  in 
which  most  of  the  inhabitants  of  the  "  new  city  "  worked.  Extensive 
changes  were  at  that  time  made  in  the  mill,  and  since  then  there  has 
been  no  recurrence  of  typhoid  fever. 

Cases  of  Infectious  Disease  repo7-ied  to  Board  of  Health,  1885-1890. 


YEAR. 

Scarlet- 
fever. 

Diphtheria. 

Typhoid 
fever. 

1885,     .            

5 

1 

1886,    

2 

- 

1887 

9 

2 

1888,    

2 

1 

1 

1889,    ...         

15 

22 

1 

1890,  to  June  6, . 

- 

72 

- 

Two  of  the  cases  in  1889  occurred  in  May  and  July  respectively. 
As  no  more  cases  occurred  for  six  months,  until  the  outbreak  of  the 
present  epidemic,  these  cases  are  not  included  in  this  report.  The 
case  in  July  was  on  the  street  in  which  there  were  the  most  cases  in 
the  epidemic,  but  further  than  that  there  is  no  evidence  to  trace  the 
present  epidemic  to  that  case. 

Present  Epidemic. 

December  7 .  —  Five  cases  in  one  family. 

December  20. — Two  cases.  From  this  date  to  May  27,  85  cases 
were  reported.  Total,  92  cases  in  five  months  ;  mortality,  28,  or 
30.4  per  cent. 

Children,  fifteen  years  or  under,     .        .        .  64 ;  mortality,  37.5  per  cent. 

Adults, 28 ;  mortality,  15     per  cent. 

One  year  or  under, 5  ;  mortality,  60     per  cent. 

Thirty-five  years  or  older,       .         .         .         •  5 ;  mortalit}^  20     per  cent. 

The  oldest,  sixty-five  years,  and  the  youngest,  seven  months,  both 
recovered. 

Of  the  first       23  cases, 8  died. 

Of  the  second  23  cases, 8  died. 

Of  the  third     23  cases, 4  died. 

Of  the  fourth  23  cases, 8  died. 

Total,  92  cases, 28  died. 
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6 

cases 

5 

cases 

4 

cases 

3 

cases 

2 

cases 

2 

cases 

1 

case. 

The  above  table  shows  that  there  was  no  material  change  in  the 
virulence  of  the  epidemic  during  its  course. 
These  92  cases  occurred  in  49  families. 


In  1  family, 
In  2  families, 
In  2  families, 
In  7  families. 
In  9  families. 
In  hotel, 
In  25  families 


Sixty  cases  occurred  in  a  small  district  on  the  plateau  already  men- 
tioned ;  of  these  60  cases  4  were  situated  at  quite  a  distance  from 
the  others,  towards  Mount  Tom.  Thirty-one  cases  occurred  on  Gough, 
Pine  and  Holyoke  streets  ;  these  streets  had  no  sewer  and  all  the 
houses  have  cesspools  in  the  immediate  neighborhood  of  the  house,  or 
allow  the  refuse  water  to  run  out  upon  the  surface  of  the  ground. 
Three  cases  occurred  on  Everett  Street  at  a  distance  from  the  centre 
of  the  town  and  far  from  the  plateau ;  it  is  of  interest  to  note  that 
these  cases  occurred  in  a  house  situated  on  the  border  of  the  ravine 
above  mentioned,  which  formed  a  natural  drain  to  a  part  of  the 
district  where  a  large  number  of  cases  occurred.  Ten  cases  occurred 
at  a  distance  of  a  mile  or  more  from  the  centre  of  the  town  and  from 
the  plateau.  This  leaves  a  balance  of  22  cases,  which  were  scattered 
pretty  equally  through  all  parts  of  the  town. 


Distribution  of  Cases  by  Streets. 

In  district  on  plateau  between  the  mill  ponds  and  Mount  Tom, 
Everett  Street,  east  from  city  (near  ravine),    .... 
ISTorth  Street  (1  family),  north  from  centre,     .... 
Crow  Hill, . 


New  City, 

Clark  Avenue, 

■2"         '      \ 

, 

Main, . 

1 

\ 

Hotel, 

2 

Manhan, 
Payson, 

\         { 

Scattered  through  the  central 

Pleasant, 
Prospect, 
Summer, 

^")               i 

0   f  Adjoining 
r    streets. 

part  of  the  town. 

Union, 

4 

Williston  A 

venu 

e, 

1                   / 

60 
3 
4 
2 
1 


22 


92 


I  visited  15  houses,  besides  the  hotel,  in  which  cases  of  diphtheria 
appeared.  A  few  of  them  were  connected  with  the  town  sewer 
but  their  sinks  were  not  separated  from  the  sewer  by  an  efficient  trap. 


1891.]  PUBLIC  DOCUMENT  — No.  34.  "  xv 

In  most  of  the  houses  the  kitchen  sinks  were  connected  with  very 
foul  cesspools,  and  in  no  case  did  I  find  any  efficient  traps.  In  many 
of  the  houses  visited  the  drain  pipes  were  broken  in  the  cellars,  thereby 
allowing  the  sewage  to  run  directly  upon  the  floor. 

Of  the  49  houses  where  diphtheria  appeared  34  were  situated  on 
streets  in  which  there  was  no  sewer ;  15  houses  were  situated  on  the 
line  of  a  town  sewer,  and  of  this  number  8  were  connected  with  the 
sewer  and  7  were  not.  Since  the  epidemic  a  sewer  has  already  been 
laid  which  passes  through  a  large  part  of  the  district  where  diphtheria 
prevailed  to  the  greatest  extent. 

Seivers. 

No  sewer  in  street, 34:  houses. 

Sewer  in  street  but  no  connection, 7  houses. 

Sewer  in  street  and  connected, 8  houses. 

49  houses. 
Beport  on  Individual  Hotises. 

1 .  R ,  Holyoke  Street ;  a  new  house  on  the  further  end  of  the 

plateau.  No  sewer.  A  young  woman  and  a  young  man  who  worked 
in  the  mill  had  diphtheria  and  both  recovered.  In  the  yard  is  a  cess- 
pool at  some  distance  from  the  house  ;  no  trap  ;  pipes  good.  In  the 
sink  is  a  bell  trap,  which  appears  to  be  the  favorite  form  of  trap  at 
Easthampton,  and  in  most  cases  the  only  one  in  use.  The  bell  trap  is 
placed  in  the  sink  in  the  place  of  an  ordinary  filter  and  is  supposed 
to  prevent  the  entrance  of  sewer  gas.  Near  this  house  are  five  other 
new  houses,  and  in  one  there  was  a  case  of  diphtheria.  All  are 
practically  in  the  same  condition  as  to  sewage. 

2.  T ,  Water  Street.    The  house  is  at  the  foot  of  Water  Street, 

on  the  border  of  the  upper  mill-pond.  Eight  children  in  the  family  ; 
five  had  diphtheria.  In  the  kitchen  is  a  sink,  and  a  pump  which 
draws  water  from  a  well  in  the  cellar.  The  waste  pipe  runs  down  on 
one  side  of  the  cellar  wall,  under  the  house,  and  empties  some  seventy- 
five  feet  from  the  house  on  the  bank  of  the  upper  mill-pond.  Into 
the  same  pond  empties  a  small  sewer,  also  a  new  sewer  laid  on  Holyoke 
Street,  and  the  drainage  from  all  the  houses  situated  on  the  bank. 
On  the  opposite  bank  is  a  cemetery.  The  ice  for  the  town  is  cut 
from  this  pond. 

In  the  cellar  of  the  T house  the  waste  pipe  is  broken  in  the 

middle,  the  lower  segment  being  held  in  place  by  a  string. 

There  is  a  large  drain  pipe  into  which  the  lower  end  of  the  soil 
pipe  enters  ;  the  opening  of  the  drain  pipe  is  partially  closed  by 
rags. 

There  was  at  the  time  of  the  examination  much  water  and  filth  on 
the  cellar  floor  ;  no  trap.     It  is  difficult  to  imagine  a  more  daugerous 
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condition  of  affairs  when  one  considers  that  the  well  was  under  this 
foul  cellar  floor. 

3.  House  on  Water  Street.  No  cases  of  diphtheria  appeared  in 
this  family.  The  drain  emptied  into  a  very  foul  cesspool.  The  cellar 
floor  was  wet  and  filthy,  as  the  trough  leaked  badly. 

4.  N ,  Gough  Street.     Two  children  had  diphtheria.     House 

clean.  The  kitchen  sink  was  emptied  by  a  short  pipe  which  opened 
directly  out  of  doors  on  to  a  steep  bank.  In  this  family  clothes  from 
a  case  of  diphtheria  were  washed. 

5.  T ,  Gough  Street.     Waste  pipe  opens  directW  out  of  doors 

and  the  water  runs  into  a  trough,  where  it  accumulates.  The  exami- 
nation was  made  in  dry  weather,  yet  there  was  much  water  in  this 
trough.  When  diphtheria  appeared  in  this  family  the  well  members 
of  the  family  went  to  another  house,  in  which  cases  of  diphtheria 
appeared  six  weeks  later. 

6.  L ,  Gough  Street.     Three  cases.     Waste  pipe  runs  directly 

into  the  yard  and  empties  at  quite  a  distance  from  the  house. 

7.  C ,  Everett  Street.     House  situated  at  a  distance  from  all 

other  houses  where  diphtheria  occurred  ;  this  is  the  house  which  has 
been  referred  to  as  situated  on  the  ravine  which  runs  down  from  the 
plateau.  The  waste  pipe  enters  the  drain  pipe  in  the  cellar  at  a  right 
angle  ;  the  end  of  the  drain  pipe  is  closed  by  a  billet  of  wood.  The 
well  is  on  the  cellar  floor,  three  feet  from  the  drain  pipe.  This 
arrangement  allows  direct  contamination  of  the  well  by  sewage. 

8.  L ,  Cottage  Street.     Two  cases.     Cesspool  in  yard  covered 

in  by  gravel.  The  waste  pipe  opens  directly  under  the  front  step,  and 
from  here  a  part  of  the  water  ran  into  the  cesspool.  Very  foul  odor. 
At  time  of  the  examination  there  was  a  high  wind.  These  examples 
are  a  fair  average  of  all  the  houses  where  an  examination  was  made. 

9.  B ,  Cottage    Street.     Five  cases,  the  first  in  the  present 

epidemic.  The  house  is  connected  with  tlie  town  sewer.  The  waste 
pipe  and  the  ventilating  pipe  enter  the  drain  together,  and  at  the  time 
of  the  investigation  the  opening  of  the  drain  pipe  was  stopped  up  with 
rags.  The  rags  had  not  been  put  into  the  pipe  until  after  the  local 
board  of  health  had  made  an  investigation  of  the  sanitary  condition 
of  the  house. 

10.  Hotel.  Two  cases.  Town  sewer.  The  hotel  is  situated  on 
a  steep  bank  which  slopes  directly  down  to  the  river  Manhan.  At  the 
time  of  the  examination,  under  the  kitchen  floor  was  a  foul  soft  mud, 
which  allowed  an  iron  rod  to  sink  into  it  ten  inches.  This  part 
was  drained  by  a  broken  tile  drain  which  emptied  into  a  small  cess- 
pool, about  two  feet  in  all  dimensions,  just  outside  the  hotel.  The 
lessee  of  the  hotel  said  that  when  he  superintended  the  opening  of 
this  cesspool  the  odor  was  so  foul  that  he  lost  his  breakfast. 
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Under  the  rear  part  of  the  hotel  is  a  small  cellar  which  contained 
so  much  water  that  it  had  to  be  bailed  out  before  the  plumbers  could 
get  in.  At  the  time  of  examination  it  was  wet  and  foul ;  through  it 
ran  a  broken  iron  drain.  As  the  drain  was  stopped  up  the  trap  on 
the  urinal  waste  pipe  had  been  opened,  so  that  the  waste  from  the 
urinal  ran  directly  upon  the  cellar  floor. 

Nashawannuck  Manufacturing  Company.  Sewer  runs  directly  into 
the  pond  on  which  the  factory  is  situated.  The  rooms  appeared  to 
have  good  air  ;  in  each  room  were  two  doors  for  closets  supplied  with 
water  by  an  overhead  tank. 

At  Easthampton  is  situated  the  Williston  Seminary,  a  school  for 
boys  and  young  men.  There  are  about  one  hundred  scholars  in  the 
seminary  and  there  has  not  been  a  case  of  diphtheria.  No  water  is 
supplied  in  the  bed-rooms.  In  the  urinals  there  is  constantly  running 
water,  and  the  closets  are  flushed  from  overhead  tanks  ;  examination 
of  the  vaults  showed  them  to  be  clean  and  free  from  odor. 

Prof.  W.  T.  Mather  of  Williston  Seminary  has  examined  several 
specimens  of  well  water  taken  from  different  houses  through  the  town. 
Through  his  kindness  I  am  enabled  to  report  an  examination  of  seven 
wells.  Three  came  from  houses  where  there  had  been  cases  of  diph- 
theria ;  all  were  bad.  One  "very  dangerous"  came  from  a  well 
which  is  five  feet  from  the  cesspool. 

Aside  from  these  examinations,  in  two  houses  where  diphtheria 
appeared  it  was  reported  to  me  by  the  agent  of  the  local  board  of 
health  that  an  analysis  of  the  water  had  shown  it  to  be  bad. 

Analysis  of  Well  Water  by  Prof.  W.  T.  Mather. 


Solids  (grains  per  gallon),     . 

Chlorine  (grains  per  gallon), 

Free  ammonia  (parts  per  mil- 
lion),      


Albuminoid  ammonia  (parts 
per  million). 

Remarks,         .... 


11.4 
1.5 


.244 
Bad 


13.6 
1.8 


.05 

All 
right. 


6.6 
.058 


.164 
Danger 


1.65 
.0612 

.088 

Clean 
we)l. 


1.3 
.124 


.156 
Danger- 
ous. 
Diphth. 


16.6 

3.85 


1.754 
Very 
dang's. 
Diphth. 


15.2 
3.5 


.068 


.126 
Danger- 
ous. 
Diphth. 


To  review  the  matter  in  a  few  words  :  an  epidemic  of  diphtheria 
has  appeared  in  a  town  which  has  in  previous  years  been  remarkably 
free  from  infectious  diseases,  and  has  in  general  had  a  low  rate  of 
mortality.  Sixty  cases,  two-thirds  of  the  whole  number,  occurred  in 
a  small  district  situated  at  some  distance  from  the  most  thickly  set- 
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tied  part  of  the  town.  Investigation  has  shown  that  almost  invariably 
the  sanitary  condition  of  the  houses  in  which  diphtheria  occurred  was 
bad,  and  in  several  of  the  houses  the  water  supply  was  in  close  con- 
nection with  foul  and  broken  drains.  In  all  cases  where  the  water 
has  been  examined  it  has  been  found  to  be  bad. 

The  first  cases  reported,  5  in  number,  were  in  the  family  B on 

Cottage  Street.  No  member  of  this  family  had  been  out  of  town. 
The  first  member  taken  sick  was  a  boy  nine  years  of  age  ;  he  attended 
the  Chapel  Street  school  and  came  home  from  school  with  a  headache 
and  sore  throat.     Within  a  few  days  the  four  other  children  had  the 

disease.     Mrs.  B asserts  that  no  one  visited  the  house  while  the 

disease  lasted  and  the  children  did  not  go  to  school. 

Two  weeks  later  a  few  scattered  cases  appeared  in  the  centre  of 
the  town  and  on  North  Street,  which  is  situated  at  some  distance 
from  the  town.  On  December  30  the  epidemic  began  which  spread 
to  such  an  extent  on  the  plateau  towards  Mount  Tom.  The  cases  as 
they  appeared  in  the  centre  appeared  to  be  limited  to  the  houses  in 
which  they  originally  appeared,  and  in  no  instance  did  the  disease 
spread  to  adjoining  houses.  On  the  plateau  the  disease  crept  gradu" 
ually  along  from  house  to  house.  It  is  difficult  to  find  a  satisfactory 
cause  for  this  difference  in  the  course  of  the  disease  in  the  two  sec- 
tions of  the  town. 

As  soon  as  a  case  of  diphtheria  appeared  in  a  house  the  family  was 
quarantined  and  a  red  flag  placed  upon  the  house  ;  in  spite  of  these 
precautions  it  is  known  that  several  families,  in  all  of  whom  diph- 
thei'ia  appeared,  associated  together  during  the  disease. 

Most  of  the  children  on  the  plateau  attended  a  school  on  Chapel 
Street.  An  investigation  of  this  building  showed  it  to  be  in  good 
condition.  In  the  rear  is  a  vault  which  at  the  time  of  examination 
was  in  good  condition.  One  of  the  buildings  was  closed  where 
there  was  a  case  of  diphtheria  in  an  adjoining  house. 

On  February  1  a  milkman  was  taken  sick,  and  continued  on  his 
route  for  several  days  before  diphtheria  developed.  An  investigation 
of  the  matter  shows  that  it  is  impossible  to  trace  any  of  the  cases  to 
this  man,  as  of  fifty-six  families  supplied  with  milk  from  this  farm 
only  one  had  diphtheria.  Diphtheria  appeared  in  this  family  four 
weeks  before  the  milkman  had  the  disease. 

As  no  proof  can  be  offered  as  to  the  spread  of  the  disease  in  the 
district  described  as  the  plateau,  I  desire  to  call  attention  to  the  most 
salient  features  of  the  investigation. 

First.  The  geological  formation  of  the  land  on  the  plateau  is  such 
that  cesspools  and  surface  drainage  are  dangerous.  This  is  depend- 
ent upon  the  la^^er  of  clay,  a  few  feet  below  the  surface  of  the  ground, 
which  prevents  the  water  from  sinking  into  the  ground.     A  proof  of 
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this  theory  is  found  in  the  bad  condition  of  all  the  well  water  which 
has  been  examined. 

Second.  In  many  instances  the  wells  are  placed  in  close  proximity 
to  the  cesspools,  or,  what  is  more  reprehensible,  in  a  cellar  through 
which  runs  a  broken  or  leaky  soil  pipe. 

Third.  The  very  bad  condition  of  the  soil  pipes  in  many  of  the 
houses. 

Fourth.  The  town  has  introduced  an  abundant  supply  of  good 
water  but  has  failed  to  lay  sewer  pipes  capable  of  carrying  off  the 
increased  amount  of  sewage  necessarily  dependent  upon  the  intro- 
duction of  an  abundant  supply  of  water. 

In  closing  I  would  like  to  express  my  thanks  to  the  chairman  of 
the  selectmen  and  the  agent  of  the  board  of  health  of  Easthampton 
for  their  courtesy  in  doing  all  in  their  power  to  aid  me  in  my  investi- 
gation. 

Respectfully  submitted  to  the  State  Board  of  Health. 

Henr?  Jackson,  M.D. 

June  16,  1890. 

Diphtheria  at  Uxbridge. 

Uxbridge,  population  3,300  to  3,400.  Town  composed  of  several 
villages  ;  has  eight  to  ten  mills  ;  three  rivers,  West,  Blackstone  and 
Mumford,  on  the  banks  of  which,  or  on  canals  therefrom,  the  mills 
lie.  Has  three  physicians,  two  actively  practising;  the  board  of 
selectmen  act  as  board  of  health.  Either  the  records  are  imperfectly 
kept  or  cases  are  not  reported  ;  it  seems  at  present  the  latter.  Where 
several  cases  of  contagious  disease  break  out  in  succession,  only  the 
first  case  in  each  family  seems  reported.  Then  the  physicians  report 
orally  to  the  selectmen  anywhere,  and  not  in  writing. 

The  town  has  a  water  supply  from  springs  pumped  to  a  reservoir. 
It  was  a  private  supply  but  is  now  owned  by  town.  The  town  water 
does  not  reach  Heclaville,  situated  between  West  and  Blackstone 
rivers,  nor  Wheelockville,  nor  across  the  Blackstone.  There  is  no 
system  of  sewerage. 

Town  records  show  measles  and  some  diphtheria  in  1885.  In  1886 
little  or  nothing  recorded.  In  1887  there  were  12  cases  of  diphtheria, 
but  6  were  in  one  family.  In  1888  there  were  19  cases  of  scarlet- 
fever.  In  1889  nothing  recorded.  In  189^,  May  to  August  26, 
there  have  been  36  or  37  cases  of  diphtheria,  4  deaths  therefrom. 
Four  fresh  cases  at  date,  August  26  ;  2  in  one  family  and  1  in  a 
family  in  the  house  next  beyond.  IVLost  of  these  cases  in  Heclaville 
were  in  houses  where  one,  three,  four  and  nine  families  live,  and  in 
other  cases  (save  two  or  three)  there  is  relationship,  or  connection  by 
work  with  the  mill  opposite.     In  six  houses,  comprising  twenty  farai- 
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lies,  and  one  boarding-liouse  with  less  tlian  one  liundred,  probably 
fifty  feet  removed  from  one  another,  there  have  been  29  cases  of 
diphtheria,  and  4  deaths  ;  3  cases,  included  in  29,  at  present. 

Mary  L ,  a  young  woman  under  twenty,  was  the  first  person 

affected.  May  1,  1890;  case  called  quinsy,  till  a  day  before  death. 
The  neighbors  came  in  and  laid  her  out ;  no  public  funeral  was 
allowed.  Two  possible  sources  of  contagion  were  reported ;  one, 
that  she  attended  a  funeral  in  a  neighboring  town  about  two  weeks 
previously  ;  it  is  denied  that  this  death  was  from  diphtheria.  Sec- 
ondly, that  she  attended  a  ball  in  Woonsocket  before  she  came  down. 
The  latter  seems  the  probable  source  of  contagion.  Five  others  in 
the  same  family  became  sick. 

Then  on  May  18  the  family  G ,  in  the  same  house,  below,  had 

eight  children  and  one  grandchild  sick,  of  whom  one  child  and  the 
grandchild  died.  The  mother  came  from  another  town  to  her  home, 
had  the  disease,  and  also  her  child,  a  baby. 

One  other   family  living  in  this  house,  G ,  had  a  child  sick 

May  25,  which  died. 

Wooden  box  drains  carry  kitchen  water  down  into  covered  drain 
running  into  open  cesspool,  now  covered.     This  open  cesspool  served 

for  the  O'B house.     G ,    senior,    says   occasionally   smells 

came   in   kitchen  window,  after  rains,  or  from  wooden  drain  from 

above.     Well  back  of  house  seems  safe.     The  G child  in  same 

house  was  sick  May  25,  dying  later.  The  health  records  are  so 
incomplete  that  dates  are  wanting. 

But  the  six  houses  most  affected  have  had  cases  from  May  to  pres- 
ent time,  August  26.  On  June  10,  one  in  the  family  living  in  next 
house,  seventy  feet  distant,  on  same  side,  having  their  closed  drain 
run  into  the  open  cesspool  common  to  both  houses  ;  and  on  June 
7,  four  O'B children,  in  the  same  house,  came  down. 

The  H child  became  sick  on  May  27.     The  man  supplies  milk 

from  Hecla  Company  farm.  The  house  is  perhaps  one  hundred  yards 
remote  from  the  K house,  and  is  a  better  one.  The  child  prob- 
ably  had  contact  with  the   other   children,  possibly  went  with  the 

father.     G child,  with  a  rag  around  its  throat,  was  seen  about 

the  H house. 

Miss  D ,  living  one  mile  north,  was  taken  sick  June  14  ;  she 

worked  at  the  Hecla  Mill,  and  would  have  to  come  into  Heclaville, 
and  into  contact  with  the  people  there. 

A  D case  in   May,  one-third   to   one-half   mile    remote,    not 

traced  ;  probable  connection  with  mill  people.     June  20,  man  named 

H ,  living  on  east  side  of  Mumford  River,  a  mile  from  Uxbridge 

village,  became  sick.     There  had  been  trouble  over  ten   or  twelve 
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years    about   drains.     The    cesspool    overflowed  while   H was 


sick.  The  man  worked  at  Calumet  Mills,  run  by  same  firm  as  Hecla, 
but  remote  a  mile. 

There  was  a   brief   time   in   .July  when   no   cases    appeared.     In 

August,  L child  was  taken   sick.     Mother  stated   the    G s, 

nearly  opposite,  had  been  convalescent  three  or  four  weeks.  House 
has  open  drain  running  from  house  to  an  open  antl  bad  cesspool  near 

priv3^     The  K family  had  one  case  August  11  ;  house  south  of 

L ,  eighty  feet,  or,  as  given  by  Dr.   Johnson,   one,   a  child  on 

August  1  and  the  mother,  August  26.     The  K house  has  also  a 

bad  open  cesspool ;  the  drain  is  covered. 

On  August  4,  an  F child,  living  at  Wheelockville,  became  sick 

with  diphtheria  and  mumps  ;  the  child  went  into  the  woods  and  drank 
out  of  tank  where  cattle  drank.  Some  others  went  with  her.  The 
mother  works  in  the  Calumet  Mill,  run  by  the  proprietors  of  Hecla. 
Wheelockville  is  a  mile  from  Hecla,  south.  There  was  probable 
contact  with  L s  boarding-house. 

On  August  12,  the  M children,   just  north  of  L s,   were 

taken  sick  ;  two  of  the  four  being  comfortable  now.     There  are  nine 

tenements.     The  M family   occupy    south  end.      There    is    an 

open  cesspool. 

August  14,  G child  ;  not  traced.     Mother   works   in   Calumet 

Mills. 

August  16,  K child,  living  just  south  of  L already  men- 
tioned. 

August  18,  R children,  just  north  of  M s.     Drain  also  into 

open  cesspool. 

August  23,  T.  O'B 's  child  ;  store,  half  mile  off ;  child  cousin 

of  the  other  O'B s.  The  drain  once  dammed  back  under  bed- 
room window.     Granite  store  beneath. 

There  had  been  attempts  made  to  disinfect  rooms  with  slaked 
lime,  washing,  etc.  The  physicians  seem  to  have  thoroughly  cared 
for  the  patients. 

Recommended,  First.  The  written  communication  of  every  case 
in  each  family  to  the  board  of  health  by  the  physician. 

Second.     The  placarding  of  infected  houses. 

Third.  Permits  to  enter  school  given  by  health  board,  on  certifi- 
cate of  physicians. 

Recommendations  with  reference  especially  to  the  six  tenements, 
and  other  places,  or  houses  having  open  drains,  cesspools,  wooden 
conductors,  etc. 

Fourth.  The  wooden  drains,  leading  from  second  story  down  the 
outside  of  the  house,  into  the   conducting  drain,  should    be    newly 
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boarded  or  replaced  by  earthen  or  iron  pipe.  The  people  on  lower 
floor  state  that  the  smell  comes  into  their  sink-pantry  room  when 
water  is  poured  into  drain  above. 

Fifth.  That  drains  conducting  from  the  house  be  buried ;  if  now 
of  wood,  they  should  be  replaced  by  earthen  pipe,  as  the  drains  that 
are  closed  pass  near  wells.  That  has  been  done  with  some  of  the 
houses. 

Sixth.  Proper  covered  cesspools  should  be  dug,  and  replace  open 
ones  smelling  badly  and  now  placed  near  the  privies.  A  better  way 
in  the  end  would  be  to  have  covered  pipe  drains  lead  to  a  sewer  pipe 
not  far  remote,  which  discharges  into  the  river.  Then  when  the 
town  introduces  town  water,  across  the  Blackstone,  sewerage  will  be 
ready.     Perhaps  the  down  flush  at  present  would  be  insufficient. 

Seventh.  The  sinks  now  without  them  should  be  provided  with 
traps. 

Eighth.  The  cesspools  that  are  covered  should  be  emptied  more 
frequently,  as  at  the  T.  O'B house  and  store.  The  rains  or  stop- 
page dammed  the  sink  water,  etc.,  back  under  the  bed-room  window. 

Ninth.     The  sink-rooms  should  be  whitewashed. 

Tenth.  People  should  be  informed  that  diphtheria  is  a  dangerous 
disease,  and  that  its  poison  may  break  out  afresh  months  afterwards. 

Preston  Sheldon,  M.D. 

Typhoid  Fever. 

The  prevalence  of  typhoid  fever  has  not  diflered  very  much 
throughout  the  State  in  1890  from  the  year  immediately  pre- 
ceding, so  for  as  can  be  learned  from  the  imperfect  returns 
of  1890. 

If  a  series  of  years  be  examined,  however,  the  data  show 
that  there  has  been  a  decided  improvement  from  one  decade  or 
quinquennial  period  to  another,  the  death-rates  from  this  cause 
being  as  follows  for  the  census  years  1865  to  1885  :  — 

Beath-rates  -per  10 ,000  from  Typhoid  Fever  in  Massachusetts. 


1865,  .         .        .        .        .        .  13.4 

1870, 9.1 

1875, 6.4 


1880, 4.9 

1885, 3.9 


The  following  table  presents  the  number  of  deaths  from 
typhoid  fever  in  the  28  cities  of  Massachusetts  for  a  period  of 
nineteen  years  (1871-1889),  together  with  the  average  annual 
mortality  ratio  per  10,000  of  the  living  population  from  the 
same  cause. 
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The  average  ratio  for  all  the  cities  was  5.43  per  10,000  of 
the  population.  This  is  estimated  from  the  population  of  the 
census  year  1880,  which  may  be  taken  as  an  average  for  the 
period.  In  the  case  of  nine  cities,  in  which  the  rate  of  growth 
in  the  last  half  of  the  period  differed  essentially  from  that  of 
the  first  half,  the  actual  mortality  might  differ  slightly  from 
that  which  is  stated  in  the  table. 

The  cities  which  had  a  higher  mortality  from  this  cause  than 
the  averao'e  were  in  the  order  named  :  — 


Holyoke,  . 
Lawrence, 
Cliicopee,, 
Springfield, 


11.32 

8.42 
8  25 
7.74 


Lowell, 7.53 

Fall  River,        .         .        .        .7.21 
Pittsfield, 5.95 


Those  which  had  a  lower  rate  of  mortality  from  the  same 
cause  were  :  — 


New  Bedford, 

.     6.36 

Maiden,    . 

.     4.55 

Taunton,  . 

.     5.34 

Chelsea,    . 

.     4.49 

Haverhill, 

.     5.30 

Fitchbm'g, 

•    .     4.02 

Brockton, 

.    5.30 

Somerville, 

.     3.95 

Boston,     . 

.     5.02 

Gloucester, 

.     3.95 

Salem, 

.     4.99 

Cambridge, 

.     3  79 

Northampton, 

.     4.93 

Newburyport, 

.     3.62 

Marlborough, 

.     4.88 

Newton,   . 

.     3.56 

Quincy,     . 

.     488 

Woburn,  . 

.     3.37 

Lynn, 

.    4  68 

Waltham, 

.     2.43 

Worcester, 

.     4.58 
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Recognizing  the  fact  that  typhoid  fever  is  very  largely  a  dis- 
ease, the  infection  of  which  is  conveyed  through  the  medium 
of  the  drinking  water,  the  condition  of  the  population  with 
reference  to  their  water  supplies  bore  a  very  marked  contrast 
between  1865  and  1885,  since  at  the  earlier  date  a  majority  of 
the  population  were  dependent  upon  wells  (very  many  of  which 
were  polluted)  for  their  water  supply,  while  from  that  date  to 
1885  the  introduction  of  many  public  supplies  of  a  pure  and 
wholesome  character  was  very  rapid  Had  it  not  been  for 
the  fact,  as  recent  investigations  have  shown,  that  the  public 
supplies  of  some  of  the  large  cities  were  annually  becoming 
more  and  more  polluted,  the  death-rate  from  this  disease  would 
undoubtedly  have  shown  a  still  greater  diminution. 

The  attention  of  the  Board  has  been  called  during  the  year 
to  certain  outbreaks  of  a  limited  extent. 

At  the  Sturtevant  works,  located  on  Stony  Brook  in  Eox- 
bury,  employing  about  350  men,  there  were  in  the  fall  of  1889 
about  35  cases  of  illness,  and  one  death.  A  portion  of  the 
cases  of  illness  wei'e  reported  to  have  been  typhoid  fever. 

The  water  used  for  drinking  purposes  was  from  two  sources  ; 
from  the  city  supply  and  from  a  well  on  the  premises.  The 
faucets  supplying  the  latter  had  been  closed  before  the  visit 
of  the  secretary  of  the  Board  to  this  establishment  (Oct.  18, 
1890).  The  first  case  occurred  in  August,  1890.  ,  The  well 
which  had  been  used  as  a  partial  drinking-water  suppl}'"  is 
located  on  the  bank  of  the  brook,  and  not  more  than  five  feet 
distant  from  it.  It  is  about  twelve  feet  deep  and  had  about 
three  feet  of  water  in  it  at  time  of  visit.  The  level  of  the 
water  in  the  well  being  about  the  same  as  in  the  brook,  in  time 
of  high  water  the  water  of  the  brook  might  pass  directly  into 
the  well.  Above  the  well,  in  an  adjoining  yard,  at  a  distance 
of  about  fifteen  feet  and  at  a  height  of  about  ten  feet  or  more 
above  the  water  in  the  well,  was  a  very  filthy  privy  vault,  which 
was  full  and  running  over.  The  contents  of  this  vault  in  a  rain- 
storm might  flow  with  pretty  direct  course  down  a  slope  toward 
the  well.  Inquiry  at  the  two  tenement  houses  in  this  yard  did 
not  elicit  any  information  as  to  the  previous  existence  of  typhoid 
fever  at  either  of  them.  Stony  Brook,  which  passes  directly 
by  the  well  and  probably  furnishes  a  part  at  least  of  its  water, 
receives  sewage  from  a  considerable  territory  above  the  works. 
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Ty])lioid  Fever  occurring  upon  a  Milk  Route. 

Several  cases  of  typhoid  fever  occurred  in  Newton  in  Sep- 
tember, October  and  November,  1890,  in  a  limited  locality 
near  the  Nonantum  mills.  There  were  comparatively  few 
cases  in  the  city  at  the  time.  The  principal  point  in  common 
among  these  cases  was  the  milk  supply.  All  of  them  took 
milk  from  one  milkman  living  in  Waltham.  On  further  inquiry 
it  was  found  that  other  cases  occurred  in  Watertown  among:  the 
customers  of  the  same  milkman.  Upon  the  routes  of  sixty  or 
more  milkmen  in  the  same  city  it  was  not  learned  that  there 
were  any  other  cases  of  typhoid  fever. 

On  visiting  the  dairy  in  question  it  was  found  to  be  in  good 
condition ;  the  stable  and  house  being  both  new  and  neatly 
kept.  The  proprietor  kept  about  ten  cows  and  purchased 
some  milk  from  another  dairy  farm  ten  miles  distant.  When 
the  house  and  barn  were  built  the  owner  dus:  a  well  in  the  rear 
of  the  stable  to  furnish  water  for  the  cows  and  for  washing.  In 
the  dry  weather  of  the  summer  of  1890  the  well  failed  to  yield 
a  sufficient  supply  of  water,  not  being  deep  enough,  and  a  new 
well  was  dug,  work  being  begun  upon  it  about  the  middle  or 
last  of  August.  Meantime,  while  the  new  well  was  being  dug^ 
water  was  obtained  from  the  house  of  a  neighbor.  At  this 
time  there  were  four  cases  of  typhoid  fever  at  the  neighbor's 
house,  one  of  which  died  soon  after.  The  well  from  which  the 
dairyman  obtained  his  temporary  supply  of  water  was  in  a 
small  out-house  attached  to  the  barn.  In  the  barn  cellar,  and 
about  twenty  feet  from  the  well,  was  a  pool  of  liquid  filth  or 
manure  about  one  foot  in  depth,  extending  over  a  large  part  of 
the  bottom  of  the  barn  cellar.  The  family  at  this  farm-house 
used  the  water  of  another  well  situated  in  front  of  the  house  as 
their  water  supply.  The  dairyman  claimed  that  the  only  use 
to  which  the  water  obtained  from  the  neighboring  farm-house 
was  put,  was  for  drinking  purposes,  and  not  for  the  washing  of 
milk-cans  or  other  work  in  connection  with  the  milk  supply. 
The  room  in  which  the  cans  were  washed  was  neat  and  well 
kept.  It  contained  a  small  boiler  in  which  water  was  being 
heated  at  the  time  of  the  visit.  Cans  were  being  washed,  as 
well  as  glass  jars,  since  this  milkman  had  a  considerable 
demand  for  milk  delivered  in  this  manner.     It  was  quite  plain 
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that  the  water  used  for  washino;  was  not  broug-ht  to  the  boiling 

CO  o 

point,  but  was  scarcely  more  than  lukewarm. 

The  farm-house  at  which  the  cases  and  death  from  typhoid 
fever  occurred  was  closed  at  the  time  of  the  visit  and  nothing 
could  be  learned  from  the  family. 

The  facts,  then,  so  far  as  known  may  be  summed  up  as 
follows  :  — 

Typhoid  fever  existed  at  a  farm-house  in  August,  1890,  occu- 
pied by  one  B .     A  neighboring  dairyman,  G ,  has  a 

well  which  became  dry  in  August.     He  obtains  water  from  a 

well  at  the  house  of  B .     His  milk  cans  are  imperfectly 

scalded.  He  distributes  milk  in  Waltham  and  Watertown. 
Typhoid  fever  appears  among  his  customers  in  each  of  these 
places  early  in  September  ;  but  few  other  cases  existed  in  either 
of  these  towns  at  the  time.     The  typhoid  germ  was  not  found 

in  the  water  of  the  well  at  the  house  of  B ,  although  search 

was  made  for  it.  In  fact,  it  was  not  looked  for  until  November, 
at  a  time  when,  if  it  had  existed,  it  had  probably  disappeared. 

We  cannot  therefore  conclude  that  it  did  not  exist  at  a  pre- 
vious day.  It  appears  probable  that  the  typhoid  infection  did 
exist  there  and  that  in  some  way  the  infection  passed  from  the 
sick  persons  in  B 's  house  through  the  medium  of  the  cess- 
pool, the  barn  cellar,  the  well  and  the  milk-cans  of  G to 

the  alimentary  tracts  of  G 's   customers  in   Waltham  and 

Watertown. 

Hydrophobia. 

In  the  last  annual  report  of  the  Board,  page  xxvii,  reference 
was  made  to  the  prevalence  of  hydrophobia  in  the  State  during 
the  previous  year.  Since  the  date  of  that  report  observations 
have  been  made  upon  the  prevalence  of  the  disease  which  tend 
to  show  that  there  has  been  a  considerable  increase  in  the 
number  of  cases  of  rabies  among  animals,  as  well  as  of  hydro- 
phobia among  human  beings.  The  extent  or  area  of  its  preva- 
lence has  also  been  much  greater  than  it  was  in  1889,  in  which 
year  it  was  confined  mainly  to  the  eastern  counties  of  the  State. 

For  the  purpose  of  comparison  a  brief  review  will  be  pre- 
sented of  its  occurrence  in  the  State  during  the  past  forty-eight 
years  of  registration,  such  facts  being  presented  as  relate  to 
the  mortality  from  this  cause  among  human  beings. 
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The  whole  number  of  deaths  recorded  from  this  cause  in  the 
State  from  1842  to  1890,  inclusive,  was  106  ;  of  this  number  87, 
or  82.1  per  cent.,  were  males,  and  19,  or  17.9  per  cent.,  were 
females. 

The  geographical  distribution  of  cases  was  as  follows  :  — 


Deaths  from  Hydrophobia  by  Counties  for  the  forty -eight  years,  1842-1890. 


Barnstable, 

2 

Middlesex, . 

.     23 

Berkshire,  . 

2 

Nantucket, . 

. 

Bristol, 

14 

Norfolk,      . 

.     16 

Dukes, 

1 

Plymouth,  . 

.       3 

Essex, 

16 

Suffolk, 

.     13 

Franklin,     . 

2 

Worcester, . 

.       6 

Hampden,  . 

7 

Hampshire, 

1 

106 

By  way  of  comparison  the  statistics  of  the  United  States  for 
the  census  year  1880  are  herewith  presented,  together  with 
those  of  England,  as  given  by  Dr.  LongstafF  in  his  excellent 
volume  entitled  "  Studies  in  Statistics."  * 


Deaths  froin  Hydrophobia,  by  Months. 


London. 

United 
States. 

Massachu- 
setts. 

j 

1883-89. 

Census  Year, 

Forty- eight 

Total. 

Seven  Years. 

1880. 

1842-1890. 

January, 

4 

8 

7 

19 

February, 

1 

6 

7 

14 

March, 

5 

3 

9 

17 

April, 

4 

9 

10 

23 

May,  . 

4 

5 

10 

19 

June, . 

5 

9 

9 

23 

July,  .. 

4 

7 

6 

17 

August, 

9 

13 

13 

35 

September, 

11 

5 

7 

23 

October,    . 

4 

7 

12 

23 

November, 

8 

6 

7 

21 

December, 

6 

2 

9 

17 

65 

80 

106 

251 

*  "  Studies  in  Statistics,"  by  Geo.  B.  Longstafif,  M.A.,  M.B.    London,  1891. 
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Deaths  by  Ages. 
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England  and  Wales, 
35  years,  ISo-l-SS,  . 

108 

169 

196 

75 

129 

_ 

96 

_ 

72 

_ 

49 

_ 

23 

_ 

3 

_ 

. 

_ 

920 

United  States,  18S0, 

9 

11 

14 

- 

- 

4 

- 

13 

- 

6 

- 

9 

- 

7 

_ 

5 

1 

1 

80 

Massachusetts,  1842- 

1890, 

13 

20 

24 

- 

- 

10 

- 

13 

- 

9 

- 

9 

- 

5 

- 

1 

1 

1 

106 

130 

200 

234 

75 

129 

14 

96 

26 

72 

15 

49 

18 

23 

12 

3 

6 

2 

2 

1,106 

The  statistics  of  the  United  States  census  relative  to  hydro- 
phobia were  not  taken  in  an  epidemic  year.  There  were  80 
deaths  from  this  cause  registered  or  returned  by  the  census 
officials  for  1880,  out  of  a  total  of  756,893  deaths  from  all 
causes,  being  a  ratio  of  about  1  in  10,000  deaths.  They  were 
distributed  with  considerable  uniformity  throughout  twenty- 
one  States,  of  which  Texas  had  10  ;  Pennsylvania  10  ;  Ohio  9  ; 
Louisiana  8 ;  Illinois  6 ;  Mississippi  5 ;  South  Carolina  5 ; 
Arkansas,  Kentucky,  New  Hampshire  and  North  Carolina  3 
each ;  Connecticut,  Delaware,  Iowa,  Minnesota  and  New  York 
2  each  ;  and  California,  Colorado,  Indiana,  Kansas  and  Wis- 
consin 1  each. 

Of  the  whole  number,  56  were  males  and  24  were  females. 

Out  of  920  deaths  from  this  cause  in  Eng'land  722  were 
males  and  198  females. 

From  these  statistics  it  appears  that  the  greatest  relative  as 
well  as  absolute  mortality  from  this  cause  occurs  between  the 
ages  of  five  and  ten  years,  and  next  after  this  in  the  succeeding 
period  of  ten  to  fifteen  years.  The  explanation  of  this,  as 
stated  by  Dr.  LongstafF,  "may  perhaps  be,  that  of  those  bit- 
ten a  greater  number  of  children  contract  hydrophobia  ;  there 
may  be  a  greater  predisposition  at  those  ages.  On  the  other 
hand,  it  should  be  borne  in  mind  that  young  children  are  less 
completely  clothed  than  adults,  and  their  partially  naked  limbs 
are  without  protection  against  the  saliva  of  a  rabid  dog  ;  more- 
over, they  are  less  able  to  defend  themselves  against  attack, 
and  to  some  extent  the  small  size  of  their  limbs  is  a  danger, 
the  dog  getting  hold  of  a  small  limb  more  easily  than  a  large 
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one,  though  perhaps  this  point  is  not  so  important  here  as  in 
the  case  of  snake  bites." 

At  all  ages,  except  the  extremes  of  life,  many  more  men  than 
women  die  of  hydrophobia.  At  the  extremes  of  life  the  con- 
ditions as  to  occupation  and  habits  are  similar ;  in  middle  life 
men  are  brought  much  more  in  contact  with  animals  by  their 
occupations,  and  are  not  so  well  protected  by  their  clothing,  — 
since  all  authorities  lay  much  stress  on  the  efficacy  of  clothing 
in  wiping  off  the  saliva  from  the  teeth  of  a  rabid  animal. 

Many  more  persons  are  bitten  by  rabid  dogs  than  ever 
develop  hydrophobia. 

During  the  past  year,  from  May  1,  1890,  to  May  1,  1891, 
the  Board  has  endeavored  to  ascertain  as  nearly  as  possible  the 
facts  as  to  the  actual  prevalence  of  hydrophobia  in  the  State. 
The  sources  of  information  have  been  mainly  the  physicians 
and  veterinary  surgeons  in  the  cities  and  towns  of  the  State. 
Much  valuable  aid  in  the  way  of  "  pointers"  has  been  afforded 
by  the  local  newspapers  of  the  different  localities,  and  while 
these  sources  admit  much  that  is  sensational  and  unreliable  in 
character,  they  have  served  to  guide  the  investigation  in  the 
search  of  the  actual  facts.  Every  attempt  has  been  made  to 
eliminate  the  truth  from  falsity  and  exaggeration,  by  means  of 
correspondence  and  personal  interviews  with  parties  cognizant 
of  the  facts.  Hence  it  is  believed  that  the  following  summary 
is  measurably  correct. 

In  fifty-five  cities  and  towns  there  were  99  outbreaks  of  rabies 
reported,  in  which  human  beings,  dogs  and  other  domestic  ani- 
mals were  bitten  by  rabid  dogs.  The  number  thus  attacked 
cannot  be  given,  since  in  many  instances  it  was  indefinitely 
stated.  In  one  instance,  Newburyport,  May  30,  it  was  stated 
that  17  dogs  were  bitten ;  in  another,  Marblehead,  4  dogs 
and  a  cat;  in  another,  Chicopee,  4  dogs,  1  cat,  2  calves  and  3 
cows ;  in  another,  Farnumville,  33  fowls,  a  man  and  a  dog ;  in 
another.  West  Springfield,  30  dogs  ;  in  another,  Worcester,  3 
men  and  2  boys  ;  in  another,  Sharon,  15  dogs,  etc. 

In  many  of  the  foregoing  instances  the  affected  animals  were 
shot  by  policemen  or  others,  and  some  of  the  animals  bitten 
were  similarly  dealt  with.  In  one  instance  the  very  sensible 
course  was  adopted  of  placing  the  suspected  animal  in  restraint 
and  feeding  him,  until  it  could  be  determined  whether  he  had 
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rabies  or  not.     As  the  disease  is  invariably  fatal,  the  diagnosis 
is  not  difficult. 

The  foregoing  outbreaks  occurred  in  the  following  ten 
counties :  Berkshire,  Bristol,  Essex,  Hampden,  Hampshire, 
Middlesex,  Norfolk,  Plymouth,  Suffolk  and  Worcester;  none 
were  reported  from  Barnstable,  Dukes,  Franklin  and  Nantucket. 

In  addition  to  the  foregoing  instances,  all  of  which  occurred 
between  April  1,  1890,  and  April  1,  1891,  there  were  32 
instances  in  twenty-tour  cities  and  towns  which  were  of  such 
a  nature  as  to  render  it  doubtful  whether  the  dogs  had  hydro- 
phobia or  not. 

There  were  also  47  other  instances,  occurring  in  thirty-four 
cities  and  towns  in  which  persons  were  bitten  by  dogs,  in  which 
it  was  reasonably  certain  that  neither  the  dogs  nor  the  persons 
bitten  were  affected  with  hydrophobia.  Some  of  these  were 
vicious  dogs,  or  dogs  which  had  been  worried  or  irritated  by 
children  or  others.  Nine  such  instances  were  reported  from 
Fall  River,  8  from  New  Bedford  and  7  from  Lynn, 

Of  the  persons  in  the  State  who  were  reported  as  having 
been  bitten  by  rabid  dogs  during  the  period  in  question,  fifteen 
are  reported  as  having  gone  to  New  York  for  special  treatment 
by  Dr.  Gibier.  So  far  as  can  be  learned  none  of  these  persons 
have  thus  far  contracted  hydrophobia. 

The  dogs  referred  to  in  the  foreo-oinof  instances  as  havinsf 
become  rabid  were,  so  far  as  the  breed  was  specified,  of  all 
kinds,  and  no  one  breed  or  size  appeared  to  predominate. 
Newfoundland,  St.  Bernard,  mastiff,  setter,  shepherd,  bulldog, 
terrier,  black  and  tan,  coach  dog,  hound,  etc.,  all  appear  in 
the  list. 

One  feature  is  noteworthy  as  possibly  suggesting  a  partial 
remedy,  and  that  is  the  predominance  of  dogs  without  collars, 
—  vagrant,  stray  and  wandering  animals  running  about  from 
one  town  to  another  without  home  or  master.  This  class  of 
dogs  appears  to  be  more  subject  to  rabies  than  any  other,  and 
more  stringent  laws  are  required,  or  possibly  a  better  execution 
of  present  laws,  to  diminish  the  number  of  this  class. 

Dr.  Longstaff  alludes  to  this  fact  as  follows  :  — 

When  affected  with  rabies  the  dog  develops  an  irresistible  tendency 
to  wander  from  his  home,  and  in  the  course  of  his  travels  he  snaps 
and  bites  at  any  person  or  animal  that  happens  to  come  in  his  way, 
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and  thus  the  disease  is  spread.  The  first  and  most  essential  thing  to 
be  done  in  the  suppression  of  rabies  in  a  district,  therefore,  is  the 
seizure  and  destruction  of  all  wandering  dogs.  The  necessity  for 
this  is  apparent  from  the  rabies  returns  of  the  past  year,  which  show 
that  of  the  312  rabid  dogs,  121,  or  over  38  per  cent.,  were  returned  as 
stray  dogs,  which,  if  not  exactly  ownerless,,  were,  when  found  dis- 
eased, so  far  from  their  owner's  premises  that  the  ownership  could 
not  be  traced. 

The  following  correspondence  relates  to  cases  which  were 
reported  either  by  boards  of  health,  attending  physicians,  or 
by  veterinary  surgeons  having  cognizance  of  cases  of  rabies  :  — 

Lowell.  —  Out  of  six  veterinary  surgeons,  two  only  reported  hav- 
ing seen  cases  of  rabies  in  dogs  in  1890.  One  of  these  had  observed 
two  cases,  the  other  "  never  had  a  case  till  the  fall  of  1889,  and 
then  saw  about  twelve  cases  by  the  next  summer,  and  has  had  no 
case  since  then."  The  diagnosis  in  some  of  these  was  doubted  by 
another  physician,  who  says  his  own  dog  was  pronounced  rabid,  but 
recovered  after  having  bitten  the  physician's  boy.  There  were  two 
deaths  from  hydrophobia  in  Lowell  in  1890. 

Lawrence. — The  correspondent  writes  :  "The  case  of  hydrophobia 
was  in  a  child  of  two  years  and  seven  months.  He  was  bitten  by  a 
dog  upon  the  cheeks,  nose  and  lips  on  March  4,  1890.  The  wounds 
healed  readily  in  a  few  days.  The  child  appeared  well  till  May  3, 
1890,  and  died  in  three  days.  The  first  observed  symptom  was  diffi- 
culty in  swallowing.  I  saw  the  child  May  3,  late  in  the  day,  and 
then  it  manifested  terror  at  sight  of  anything  to  drink,  had  spasms, 
eyes  rolling  about,  pupils  dilated,  thirsty,  but  not  feverish  ;  at  times 
would  scratch  and  bite  his  parents.  On  the  third  day  he  became  dull 
and  drowsy ;  attacks  of  fear,  terror  and  spasms,  not  so  acute  and  less 
frequent  till  night,  when  he  died." 

New  Bedford.  —  "  No  case  in  man  or  beast  known  in  this  city  for 
the  last  ten  years." 

Milford.  —  "Four  dogs  considered  rabid  were  killed,  and  eight 
other  dogs  bitten  by  them  were  also  killed,  before  there  was  any 
evidence  of  disease." 

Leominster.  —  "No  well  authenticated  case  of  rabies  so  far  as  I 
know.  Last  year  there  were,  I  believe,  two  dogs  killed  in  town  as 
having  been  bitten  by  a  stranger  dog,  but  in  both  cases  there  were, 
as  far  as  came  to  my  notice,  few  if  any  symptoms." 

Taunton.  —  "  No  rabies  among  dogs  for  a  year,  unless  a  dog  in  Feb- 
ruary last  may  have  had  rabies.  He  was  a  house  dog  and  presented 
peculiar  symptoms.     On  the  night  of  the  day  preceding  his  supposed 
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attack  he  got  into  bed  with  the  little  boy  with  whom  he  played.  He 
persistently  licked  the  faces  of  the  boy  and  his  mother.  The  mother 
got  up  at  four  o'clock  and  let  him  out,  and  that  was  the  last  time 
they  saw  him.  He  was  seen  by  others  that  day  running  through  the 
streets  biting  and  snapping  at  any  man,  dog  or  cattle  which  came  in 
his  way.  He  was  finally  killed  in  Stoughton.  None  of  the  persons 
bitten  have  thus  far  shown  signs  of  hydrophobia." 

Gloucester.  —  "  Do  not  know  of  a  case  of  rabies  or  hydrophobia  in 
Gloucester  in  1890." 

Watertoion. — The  following  case  was  reported  in  the  "Boston 
Medical  and  Surgical  Journal"  of  April  24,  1890,  by  Dr.  J.  A.  Mead 
of  Watertown  :  — 

On  the  29th  of  November,  1889,  I  was  called  to  see  a  boy  seven 
years  old  who  had  been  bitten  on  the  leg  by  a  dog.  The  dog  was 
shot  by  the  chief  of  police,  who  informs  me  that  he  did  not  consider 
him  mad.  There  were  three  wounds  on  the  leg,  two  of  which  were 
quite  large  ;  the  other  was  superficial.  The  wounds  were  sewed  up 
and  dressed ;  they  healed  by  first  intention,  and  the  boy  was  soon 
around  as  well  as  usual. 

On  the  12th  of  April,  1890,  I  saw  the  boy  with  Dr.  M.  J. 
Kelley.  The  parents  told  me  that  he  had  had  diarrhoea  for  a  week 
and  that  he  had  seemed  more  nervous  and  restless  than  usual.  He 
had  not  been  considered  sick  enough  to  require  the  services  of  a 
physician.  Early  on  the  morning  of  the  11th  they  were  startled 
by  his  refusal  and  inability  to  swallow  water.  I  saw  him  on  the 
afternoon  of  the  same  day.  At  this  time  he  could  and  did  eat  a 
banana,  which  he  swallowed  very  rapidl}' ;  but  he  was  thrown  into  a 
convulsion  whenever  water  or  milk  was  offered  him.  He  had  a  wild, 
unnatural  look  in  his  eyes,  the  pupils  of  which  were  widely  dilated. 
He  was  seldom  still  while  I  observed  him,  but  was  continuously 
twitching  his  arms  and  shoulders,  and  throwing  his  arms  about. 
His  breathing  was  at  times  labored  and  difficult.  During  the  night 
of  the  11th  he  had  repeated  and  very  severe  spasms,  accompanied 
by  frothing  at  the  mouth. 

I  saw  him  again  on  the  12th.  He  was  mildly  delirious.  He 
swallowed  a  pill  with  a  speed  that  was  astonishing  ;  he  then  clutched 
a  glass  of  water  about  a  quarter  full  and  with  lightning  speed  swal- 
lowed it  at  a  gulp.  As  he  lay  back  on  the  pillow,  exhausted  with 
his  effort,  he  gasped,  and  said  to  his  mother,  "  I  can  swallow  water  ; 
you  are  too  slow." 

At  noon  of  the  12th  he  had  spasms  that  lasted  an  hour.  Dur- 
ing the  afternoon  of  the  12th  the  delirium  became  more  marked 
and  the  spasms  more  severe.  These  spasms  occurred  at  intervals 
until  five  o'clock  of  the  morning  of  the  13th,  when  he  died.  During 
the  12th  he  vomited  considerable  clotted  blood. 
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Temperature,  taken  iu  the  axilla  on  the  11th  and  12th,  was  normal. 
The  pulse  was  rapid  and  small. 

CJiicopee.  —  "A  case  of  rabies  occurred  in  Chicopee,  but  fortu- 
nately, no  fatality  has  so  far  resulted,  as  the  bitten  were  treated  in 
New  York.  As  the  cattle  bitten  by  the  dog  were  attacked  by  the 
disease,  there  is  little  doubt  that  it  was  a  genuine  case." 

Maiden.  — -  "  Am  not  aware  that  there  was  a  single  case  of  rabies  in 
Maiden  in  the  past  year.  The  chief  of  police  informs  us  that  126 
'  tramp  dogs'  were  killed,  none  of  which  had  evidence  of  rabies." 

Cambridge.  —  "Have  knowledge  of  but  one  case;  a  man  was 
bitten.     The  dog  was  killed." 

Holyoke. — "No  case  of  hydrophobia  has  come  to  my  notice  in 
Holyoke  since  .Jan.  1,  1890." 

Wohurn.  —  "  Saw  J.  C,  eleven  years  old,  June  22,  1890.  He  was 
bitten  by  a  dog  in  April,  1890.  Was  bitten  on  the  arm.  The 
attending  physician  applied  a  plaster  to  the  wound.  Had  been  in 
convulsions  an  hour  when  I  saw  him.  Every  time  I  gave  him  medi- 
cine in  water  he  had  spasms.  I  gave  him  an  enema  of  chloral,  fifteen 
grains,  and  potassium  bromide,  thirty  grains,  every  two  hours,  which 
controlled  the  spasms.  He  was  conscious  much  of  the  time.  He 
died  in  a  spasm." 

Melrose.  —  One  death  from  hydrophobia  reported  ;'a  boy  aged  nine 
years  and  nine  months.  He  was  bitten  by  a  mad  dog  May  12,  1890, 
at  half-past  eight  a.m.  He  was  taken  ill  June  20,  1890.  A  phy- 
sician was  called  on  the  same  day,  June  20.  The  boy  died  June  21, 
1890,  at  six  p.m. 

Medford.  — During  1890  a  large  number  of  dogs  were  disposed  of 
because  of  suspected  rabies.  How  many  were  actually  rabid  is 
unknown  to  the  Board,  as  the  dogs  were  immediately  killed  on  being 
suspected  of  the  disease.  One  case  we  believe  to  have  been  rabies. 
This  occurred  in  April,  and  a  child,  a  cow  and  several  dogs  were 
bitten.  The  report  of  the  case  of  the  child  was  furnished  by  the 
attending  physician.  The  dogs  were  dispatched  at  once  ;  the  cow 
was  quarantined,  and  in  the  latter  part  of  the  month  was  killed,  while 
undoubtedly  suffering  with  hydrophobia.     The  report  is  as  follows  :  — 

"  April  2  I  was  called  to  see  a  girl  six  years  of  age,  who  had  been 
bitten  about  the  face  and  neck  by  a  dog.  The  wounds  were  closed, 
using  twenty-one  stitches.  All  the  wounds  except  one  united  by  first 
intention.  In  this  wound  an  abscess  formed,  which  discharged  for 
several  days.  After  this  the  child,  to  all  appearances,  recovered  and 
seemed  as  well  as  ever.  Was  out  of  doors  playing  with  other  children 
several  days.  I  was  again  called,  April  20,  when  the  mother  gave  me 
the  following  history  :  On  Friday,  April  18,  she  noticed  that  the  child 
was  cross  and  irritable  and  did  not  appear  natural.  Was  much  dis- 
turbed by  noise.     On  night  of  18th  was  restless  and  irritable,  not 
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sleeping  well,  all  of  which  was  in  contrast  with  her  usual  good  temper. 
On  the  19th  she  showed  symptoms  of  fever,  and  had  several  attacks 
of  vomiting.  On  the  20th  temperature  was  99|,  pulse  130,  pupils 
largely  dilated.  Complained  of  pain  in  head,  was  disturbed  by  light 
and  noise.  Took  liquid  nourishment  during  the  day.  Was  very 
thirsty,  drinking  freely  of  water.  Vomiting  less  frequent.  On  the 
morning  of  the  21st  the  mother  attempted  to  swab  the  mucus  from 
the  child's  mouth,  when  she  had  a  spasm.  Temperature  was  994, 
pulse  135.  Had  not  slept  during  the  previous  night.  At  this  time 
she  was  unable  to  drink  water,  and  shrank  from  it  with  a  look  of 
horror.  On  attempting  to  drink  she  would  be  thrown  into  a  spasm. 
She  had  not  such  a  dread  of  milk,  and  would  try  to  drink  it,  but 
usually,  even  if  it  did  not  cause  a  general  spasm,  the  spasmodic  action 
of  the  muscles  of  the  throat  would  prevent  swallowing  it.  She  was 
less  disturbed  by  noise  and  light  than  on  the  previous  day.  There 
was  tenderness  over  the  spinal  column,  especially  marked  in  the 
cervical  and  upper  dorsal  region.  On  the  22d,  pulse  140,  respiration 
26.  Spasms  at  irregular  intervals  through  . previous  night;  semi- 
comatose. Not  disturbed  by  noise  or  light.  Spasms  had  increased 
in  frequency  and  violence,  each  spasm  developing  a  more  marked 
cyanosed  condition  bj^  interference  with  respiration.  The  expression 
of  terror  at  the  mention  of  water,  and  her  efforts  to  get  away  from  it 
when  brought  to  the  bedside  were  decidedly  pronounced  symptoms, 
which  I  have  never  before  seen.  Spasms  continued  during  the  night 
of  the  22d,  and  she  died  at  half-past  twelve  a.m.  on  the  23d." 

Boston.  — F.  F.,  aged  five  years,  was  bitten  Oct.  30,  1890  ;  taken 
ill  November  13,  and  died  Nov.  15,  1890.  Case  seen  by  four  phy- 
sicians ;  had  all  recognized  sjmiptoms  of  hj^drophobia.  Relief  was 
had  from  morphia,  but  not  from  bromides.     Death  sudden. 

The  following  notes  are  copied  from  "  Boston  Medical  and 
Surgical  Journal"  of  April  17,  1890.  The  case  occurred  in 
the  service  of  Dr.  H.  H.  A.  Beach  of  the  Massachusetts 
General  Hospital :  — 

The  patient,  who  lived  in  Quincy,  presented  himself  at  the  hospital 
on  the  morning  of  April  9  at  eight  o'clock,  with  his  father,  who  gave 
the  following  history  :  Three  weeks  before  his  son  was  bitten  by  a 
sick  puppy,  which  died  the  next  day  "in  fits."  The  wound  was  a 
mere  scratch  on  the  left  forefinger,  and  healed  in  two  or  three  days. 
The  patient  thought  no  more  of  the  accident.  Seventeen  days  later 
he  began  to  have  acute  pain  in  the  scar,  shooting  up  the  arm,  for 
which  he  sought  medical  treatment,  without  relief.  The  next  day  the 
patient's  "  throat  began  to  contract;"  iu  a  few  hoars  he  was  able  to 
swallow  nothing.     This  state  of  affairs,  with  increasing  weakness  and 
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anxiety,  had  persisted  up  to  the  time  of  entering  the  hospital,  four 
days  after  the  first  symptoms.  The  son  himself  added  that  water 
was  especially  distasteful  to  hiin,  and  that  at  times  he  had  great  diffi- 
culty in  breathing,  but  for  the  past  twenty-four  hours  he  had  had  no 
pain  in  the  hand  and  arm.  Such  was  the  alarming  appearance  of  the 
patient,  that  on  his  presenting  himself  at  the  hospital  the  porter  sent 
word  to  the  house  officer  that  he  thought  the  case  was  one  calling  for 
immediate  tracheotomy. 

Examination  :  Man,  thirty-five  years  of  age,  very  restless,  with 
staring  eyes,  who  started  back  in  apparent  fright  when  approached. 
The  least  stir  in  his  neighborhood  caused  convulsive  movements  of 
the  pharynx.  He  would  wave  his  arms,  start  back  violently,  and  the 
spasms  of  the  pharynx  would  soon  become  accompanied  by  expulsive 
movements  of  the  chest  and  abdominal  muscles.  He  kept  appealing 
eagerly  for  assistance.  His  voice  was  gasping  and  sobbing  in  char- 
acter. Pulse,  108  and  of  good  strength  ;  respiration,  27.  He  told  a 
connected  story  and  seemed  quite  rational.  There  was  a  small, 
soundly  healed  scar  on  the  left  forefinger.  About  half-past  five  in  the 
afternoon  he  became  suddenly  violent  without  any  warning,  though 
all  day  he  had  been  perfectly  rational  and  willing  to  submit  to  treat- 
ment. He  had  a  fixed  idea  that  the  consulting  physicians  intended 
Mm  some  bodily  harm,  attempted  to  escape  out  of  a  window,  and 
furiously  attacked  two  attendants.  At  seven  p.m.  he  broke  out  in 
a  profuse  sweat,  and  began  expectorating  vigorously  at  intervals  of 
three  or  four  minutes.  At  eight  o'clock  general  convulsions  began 
to  increase  rapidly  in  intensity  and  number,  especially  flexions  of 
arms  and  legs  with  clonic  contractions  of  temporals,  masseters, 
buccinators  and  muscles  of  pharynx.  The  patient  was  violently 
maniacal  at  times,  quiet  for  about  five  minutes,  then  began  rapid 
muttering  delirium,  gradually  becoming  more  violent  for  three  or  four 
minutes  ;  from  this  state  he  would  again  relapse  into  silence,  from 
exhaustion.  When  violent  he  spat  constantly  and  accurately  at  sur- 
rounding objects.  Up  to  half-past  ten  p.m.  he  refused  all  liquids,  as 
he  had  done  all  day.  These  symptoms  continued,  without  cessation 
and  with  little  change,  up  to  half-past  ten  in  the  evening  of  the  day 
of  admission,  when,  in  one  of  his  moments  of  quiet,  he  suddenly  died 
without  premonition. 

West  Springfield.  —  A  dog  bitten  about  March  1  bit  about  twenty 
dogs  and  was  killed  by  the  police.  Nearly  all  the  dogs  bitten  were 
killed.  The  first  dog  bit  two  boys,  who  were  sent  to  the  Pasteur 
Institute  at  New  York. 

Fitchburg.  —  "On  May  26,  1890,  a  lad  twelve  years  of  age  came  to 
my  office  stating  that  he  had  been  bitten  by  a  dog  which  attacked  him 
in  the  street.     On  examination  a  small  wound  through  the  skin  was 
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found  on  the  left  shoulder  and  in  the  axilla,  with  several  abrasions 
over  the  scapula.  The  wounds  were  cauterized  and  in  ten  daj's  were 
healed. 

"  The  dog  was  presumed  by  his  actions  to  be  naad  and  was  promptly 
killed,  before  I  had  opportunity  to  examine  him.  His  history  before 
the  biting  was  that  some  two  weeks  before  this  dog  was  bitten  by  a 
stray  hound  which  ran  about  the  city  for  a  time  and  disappeared.  A 
few  days  later  the  owner  of  the  bitten  dog  noticed  a  changed  dispo- 
sition, being  excited  and  feverish,  with  a  tendency  to  bite  people, 
and  chew  the  ropes  by  which  he  was  tied,  thus  breaking  away  and 
finally  attacking  the  boy.  Before  the  dog  was  caught  he  bit  three 
other  dogs,  two  of  which  showed  signs  of  rabies  in  two  to  three 
weeks.  They  showed  a  marked  change  in  disposition,  refused  food, 
snapped  at  whatever  was  near  them,  and  showed  an  increasing  rest- 
lessness ;  a  peculiar  dragging  of  the  hind  legs,  which  after  two  days 
developed  into  a  more  general  paralysis  ;  the  jaw  dropped,  abundant . 
saliva  ran  from  the  mouth,  and  finally  they  died  of  paralysis  and 
exhaustion  three  days  after  showing  the  first  symptoms.  I  kept  one 
of  these  dogs  at  my  stable  and  it  was  seen  by  several  of  the  local 
physicians,  all  considering  it  a  case  of  hydrophobia. 

"  On  the  basis  of  the  diagnosis  it  was  considered  best  to  send  the 
boy  who  had  been  bitten  to  the  Pasteur  Institute  at  New  York,  to  be 
placed  under  the  care  of  Dr.  Gibier,  which  was  accordingly  done 
June  14,  1890.  The  case  was  considered  by  Dr.  G-ibier  as  one 
proper  for  treatment  and  the  inoculations  were  at  once  begun  on 
June  16,  in  the  usual  way.  The  boy  stood  the  treatment  well,  and 
save  a  slight  inflammation  about  one  of  the  punctures,  no  accident 
occurred  during  the  sixteen  days  that  he  was  under  treatment.  The 
boy  made  a  complete  recovery  and  remains  well  at  the  present  time, 
nearly  a  year  since  he  was  bitten. 

"By  advice  of  the  Board  of  Health  all  dogs  were  ordered  to  be 
muzzled  by  the  mayor  of  the  city." 

Worcester.  —  "I  have  been  called  to  many  supposed  cases  of  rabies 
but  have  only  found  three  cases  within  a  year.  The  first  was  that  of 
a  gentleman  living  on  Park  Avenue,  New  Worcester.  During  last 
fall,  his  mastiff  dog  suddenly  developed  strange  and  alarming  symp- 
toms, and  had  bitten  his  trotting  horse  upon  the  hind  leg,  which  led 
the  owner  to  shoot  the  dog.  A  few  weeks  later  the  horse  showed 
well  marked  symptoms  of  rabies  and  was  shot." 

"  Mr.  D.  J.  Baker  of  the  P21mwood  House,  New  Worcester,  had  a 
dog  that '  grew  very  cross  and  sick,'  and  bit  a  cow  on  the  lip,  and  a 
horse  in  the  hind  fetlock  joint.  The  dog  died  in  a  short  time,  and 
not  long  after  the  cow  showed  all  the  signs  of  true  rabies  and  was 
shot.     The  horse  seems  all  risht  so  far. 
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"Another  case  was  sent  from  Groton,  Mass.,  with  the  statement  that 
it  had  been  '  bitten  by  a  stray  sick  dog,'  and  they  wished  me  to  keep 
it  and  see  the  result.  The  dog  seemed  perfectly  well  for  about  six 
weeks,  when  one  afternoon  he  grew  suddenly  very  snappish  and  ugly, 
tearing  the  attendant's  clothes  with  his  teeth  and  biting  at  every 
object  within  his  reach,  tearing  all  the  broom-corn  from  the  stable 
broom,  and  in  everyway  showing  the  marked  symptoms  of  rabies.  I 
watched  him  at  intervals  for  many  hours,  then  shot  him.  These  are 
all  the  eases  that  I  have  any  record  of,  and  they  have  occurred  in 
my  practice  only." 

Quincy.  —  "On  Dec.  16,  1889,  an  Irish  setter  dog,  owned  in  Wollas- 
ton,  bit  a  newsboy.     The  master  when  chastising  the  dog  was  himself 

bitten.     The  next  day  Mr.  W ,  a  neighbor,  was  bitten  by  the 

same  dog,  —  all  these  bites  being  in  the  hand.    Mr.  W 's  was  in  the 

palm  of  right  hand,  a  wound  one  and  one-fourth  inches  long  and  one- 
quarter  of  an  inch  deep,  and  one  tooth  mark  on  the  back  of  the  hand. 
I  cauterized  carefully  all  of  these  injuries  and  they  healed  kindly. 
They  were  each  cauterized  as  soon  after  happening  as  one  could 
travel  one-quarter  of  a  mile. 

"  About  two  months  after,  Mr.  W while  at  work  was  unable  to 

drink  water.  This  condition  lasted  for  about  twenty-four  hours, 
when  I  was  sent  for.  Found  him  excited  and  thinking  he  could  not 
drink,  —  took  the  cup  and  told  him  I  believed  he  could ;  with  some 
little  effort  he  drank.  This  I  was  able  to  make  him  do  until  his 
death,  although  with  increasing  difficulty.  His  death  occurred  in  nine 
days.  His  symptoms  consisted  in,  first,  a  shuddering  on  attempt  to 
drink  any  liquid ;  second,  some  rigidity  possibly ;  third,  loss  of 
power  ;  fourth,  considerable  excitement  (although  I  took  his  temper- 
ature under  his  tongue  every  day  and  a  few  hours  before  his  death)  ; 
fifth,  a  temperature  of  104° ;  at  the  end,  death  from  exhaustion. 
There  was  no  convulsion  or  anything  approaching  one  at  any  time, 
no  salivation,  no  expectoration. 

"An  autopsy  was  held  which  revealed  nothing  of  an  abnormal 
character  anywhere.  Portions  of  spinal  cord  were  taken  to  the 
bacteriological  department  of  Harvard  Medical  School  and  inoculation 
of  rabbits  made.  The  test  rabbit  lived  three  weeks  and  then  died 
from  such  symptoms  that  Professor  Ernst  was  not  willing  to  pronounce 
a  diagnosis,  and   new  inoculations  were  made,  the  result  of  which  I 

have  never  heard.     After  the  death  of  the  rabbit,  Mr.  P ,  the 

owner  of  the  dog,  did  not  wait  to  learn  the  result  of  the  second 
inoculations,  but  went  to  New  York  and  was  subjected  to  the  inocu- 
lations of  Pasteur.     He  is  well  and  also  the  newsboy. 

"The  dog  was  shot  by  the  advice  of  authorities  at  Harvard  Veterinary 
School  after  his  symptoms  had  been  related  to  them,  a  post-mortem 
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held,  a  ball  of  hair  some  three  and  one-half  inches  in  diameter  found 
in  the  stomach,  and  a  diagnosis  of  inflammation  of  stomach  made." 

"  ^Y-^ M age,  2  yeai's,  9  months  ;  Scotch  ;  always  well  and 

strong.  About  Christmas,  1889,  child  was  bitten  on  right  cheek  and 
left  side  of  nose  by  a  strange  spaniel  dog  not  thought  to  be  mad,  but 
immediately  killed.  Wounds  on  child  healed  well  and  child  perfectly 
well  until  Feb.  11,  1890.  During  afternoon  was  drowsy  and  slept  till 
12  P.M.,  then  awoke  in  excited  delirious  condition.  Convulsive  twitch- 
ings  when  he  tried  to  sleep.  Called  for  water  but  could  not  drink  it 
on  account  of  choking  feeling  in  throat ;  grasped  throat  with  hands. 

"Next  morning  (February  12)  occasionally  bright,  then  stupid; 
twitches  and  starts  when  trying  to  sleep.  Took  no  liquid  food,  little 
toast.  Bowels  constipated.  Convulsions  became  more  severe  and 
more  often,  until  almost  continuous.  Child  conscious  and  in  great 
agony.     Died  at  6  a.m.,  Feb.  13,  1890." 

Trichinosis. 

Fortunately  this  disease  is  of  extremely  rare  occurrence 
among  human  beings  in  Massachusetts,  and  fatal  cases  from 
this  cause  are  still  more  rare,  but  one  death  from  this  cause 
having  been  reported  in  the  registration  reports  during  the  entire 
period  of  registration  of  forty-eight  years. 

Twice  only  during  1890  were  cases  reported  to  the  Board, 
none  of  which  proved  fatal.  The  first  case  was  that  of  a  young 
man  living  in  Stoneham,  who,  while  on  a  visit  to  a  relative  in 
New  Hampshire,  a  butcher,  or  dealer  in  meat,  partook  of  some 
raw  ham.  Soon  after  returninof  to  his  home  in  Stoneham  he 
was  taken  ill  with  the  usual  symptoms  of  trichinosis,  and  after 
an  illness  of  three  or  four  weeks  recovered.  None  of  the 
infected  parts  could  be  obtained  for  examination.  It  was 
reported  that  the  butcher  in  New  Hampshire,  who  also  partook 
of  the  ham,  was  taken  ill  with  similar  symptoms. 

The  particulars  of  the  other  cases  were  as  follows  :  — 

A  family  in  the  town  of  Huntington  consisted  of  eleven 
persons,  French  Canadians,  a  father,  mother  and  nine  children. 
Eight  members  of  this  family  were  taken  ill  between  the  first 
week  of  December,  1890,  and  the  first  of  January,  1891.  The 
symptoms  were  chiefly  muscular  pain  and  tenderness,  diarrhoea, 
fever,  rapid  pulse  and  high  temperature  (104°),  oedema  of  face 
and  limbs,  furred  tongue  ;  pain  and  soreness  of  the  muscles 
were  predominant  symptoms.  When  visited  by  the  secretary, 
January  8,  the  father,  one  son  aged  eighteen,  and  a  daughter 
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aged  fifteen  were  in  bed  suffering  severely.  The  mother  and 
the  younger  children  suffered  the  least.  One  child  was  away 
from  home  and  was  not  attacked.  Another  child  aged  five,  liv- 
ing at  home,  and  a  baby  of  three  months  were  not  ill,  or  at  least 
had  no  apparent  symptoms  of  trichinosis. 

This  family  bought  a  pig  in  December,  which  was  killed  by 
a  butcher  in  the  village,  who  had  sold  them  the  pig.  Its 
weight  was  about  two  hundred  pounds,  and  it  was  about  a  year 
old.  The  butcher  stated  that  another  pig  out  of  the  same  litter 
had  "  blind  staggers,"  and  was  killed  by  its  owner.  The  family 
ate  freely  of  the  pork,  using  it  very  abundantly  through  Decem- 
ber. It  was  cooked  in  a  variety  of  ways,  being  roasted,  fried, 
boiled,  and  a  portion  was  made  into  sausage  meat.  The  mother 
stated  that  all  which  was  eaten  had  been  cooked,  but  portions 
did  not  appear  to  be  thoroughly  done.  On  examining  the 
specimen  of  the  muscular  fibre  from  the  diaphragm  at  the  house, 
it  was  found  to  contain  a  large  number  of  trichinse,  and  on  sub- 
mitting a  portion  to  Professor  Mark  of  Cambridge,  their  pres- 
ence was  confirmed. 

The  recent  act  of  Congress  relative  to  the  "inspection  of 
meats  for  exportation,  prohibiting  the  importation  of  adulterated 
articles  of  food  or  drink,  and  authorizing  the  president  to  make 
proclamation  in  certain  cases,  and  for-other  purposes,"  and  the 
"  act  to  provide  for  the  inspection  of  live  cattle,  hogs  and  their 
carcasses  and  products  thereof,  which  are  the  subjects  of  inter- 
state commerce,  and  for  other  purposes,"  have  a  direct  bearing 
upon  the  question  of  trichinosis,  and  are  quoted  in  full  in  that 
portion  of  this  report  which  relates  to  food  and  drug  inspection. 

Public  Institutions. 

The  only  institution  which  has  applied  to  the  Board  for  its 
advice  under  the  statutes  during  the  year  was  the  State 
Primary  School  at  Monson.  A  request  was  received  from  the 
trustees  of  this  institution  "  for  the  advice  of  the  State  Board 
of  Health  as  to  the  best  means  of  preventing  the  too  frequent 
recurrence  of  diphtheria  in  the  State  Primary  School." 

This  institution  consists  of  a  collection  of  wooden  buildings 
situated  in  the  town  of  Monson,  upon ,  the  northerly  side  of  a 
hilly  slope  about  one  mile  from  the  Palmer  station  on  the 
Boston  and  Albany  Kailroad.     The  institution  was  originally 
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designed  and  built  for  a  State  almshouse,  being  one  of  the 
three  structures  erected  for  that  purpose  in  1854.  It  was 
used  as  such  for  about  twenty  years,  and  finally  was  converted 
into  an  institution  for  children.  In  addition  to  the  old  wooden 
building  erected  in  1854  there  are  a  hospital  for  sick  children 
and  a  comparatively  new  hospital  designed  for  the  reception  of 
children  who  are  ill  with  contagious  diseases.  The  former  is 
one  story  in  height  and  the  latter  two  stories,  and  has  four 
small  wards,  quite  well  adapted  for  the  purposes  for  which  it 
was  built.  There  are  also  several  smaller  wooden  buildings, 
used  chiefly  as  play-houses  for  the  children. 

The  Population.  —  In  addition  to  the  superintendent  and  his 
family,  the  teachers  and  employees  at  the  school,  about  40 
in  number,  the  inmates  consist  of  about  350  children  of  both 
sexes  and  of  various  ages,  from  twelve  up  to  fifteen  years. 
These  children  are  mostly  received  from  the  families  of  State 
paupers  either  in  other  State  institutions,  principally  from  the 
State  Almshouse  at  Tewksbury,  or  from  the  families  of  out- 
door poor  in  the  cities  and  towns  of  the  State  having  been 
committed  to  the  custody  of  the  State  by  the  courts.  They 
come  from  a  class  of  the  general  population  which  is  especially 
liable  to  the  occurrence  and  the  propagation  of  infectious 
diseases,  in  consequence  of  their  habits  of  life,  such  as  over- 
crowding, the  presence  of  filth,  and  general  neglect  of  sanitary 
precautions.  It  is  not,  therefore,  a  matter  of  wonder  that 
infectious  diseases  should  occasionally  be  brought  to  a  public 
institution  by  the  individuals  composing  such  a  class,  either  in 
their  persons,  their  clothing  or  their  efiects. 

Among  these  children  there  were  several  cases  of  diphtheria 
during  the  year  1890,  the  first  being  three  girls  aged  four, 
eight  and  eleven  years.  They  lived  in  that  part  of  the  building 
occupied  by  the  girls,  two  in  the  second  story  and  the  older  in 
the  third  story,  in  the  easterly  end  of  the  building.  The  first 
was  taken  ill  February  10.  They  were  all  taken  to  the  conta- 
gious hospital. 

The  apartments  occupied  by  these  children  were  old  and 
worn,  the  floors  loose  and  uneven  and  walls  cracked  in  many 
places.  The  condition  is  usually  neat.  The  room  occupied 
by  the  smaller  girls  is  11  feet  in  height  with  a  floor  area 
of  36^  by  46|  feet,  having  18,730  cubic  feet  of  air-space  or 
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an  average  of  468  feet  for  each  child  when  the  number  present 
is  40,  and  375  feet  when  the  number  is  50.  This  is  a  fair 
allowance  for  children  of  this  age,  other  conditions  being  good. 
The  ventilation  of  this  room  is  partly  furnished  by  an  upright 
cylindrical  shaft  leading  from  the  top  of  the  room  to  the  roof, 
and  by  doors  and  windows.  The  room  is  heated  by  steam 
coils  near  its  centre. 

The  third  or  attic  story  is  next  to  the  roof,  its  air-space 
running  up  to  the  rafters. 

The  disposal  of  the  excreta  is  worthy  of  note.  In  the 
second  story  dormitory  the  water-closet  is  separated  from  the 
large  room  by  a  light  partition  only.  The  plumbing  is  boxed 
and  out  of  sight,  and  if  a  leak  should  occur  it  could  not  be 
readily  detected.  In  one  of  these  closets  a  lead  trap  was 
removed  in  the  spring  and  was  found  to  be  much  corroded,  but 
not  to  such  an  extent  as  to  allow  fluid  contents  to  leak  through. 

In  the  third  story  dormitory  there  are  no  water-closets,  the 
plan  of  disposal  being  effected  by  means  of  pails  placed  in 
small  wooden  closets  ventilated  into  the  flues  or  chimneys. 
These  pails  are  emptied  daily.  The  floors  are  of  hard  pine 
oiled.     In  the  nursery  they  are  of  hard  pine  but  not  oiled. 

The  plaj^-houses  are  on  the  hilly  slope  south  of  the  building. 
One  of  these,  used  by  the  little  children,  is  an  old,  one  story 
building,  once  used  for  keeping  fowls;  its  floors  are  old  and 
much  worn. 

The  water  supply  qf  the  school  comes  from  the  reservoirs, 
one  at  the  south,  half  way  up  the  hill,  and  the  other  on  the  slope 
of  the  hill  west  of  the  school. 

The  south  reservoir  is  reserved  chiefly  for  fire  protection,  but 
supplies  one  out-door  drinking  fountain.  The  drinking  water 
used  in  the  main  building  is  mostly  supplied  from  the  west 
reservoir.  The  superintendent's  department  can  be  connected 
with  either  supply.  Drinking  water  for  the  superintendent's 
family  is  taken  from  a  spring  on  the  premises. 

The  drainage  of  the  buildings  is  principally  by  means  of  a 
sewer  which  passes  along  the  westerly  side  by  the  west  end  of 
the  building,  and  thence  down  the  hill  to  the  river. 

Prevalence  of  Diplitlieria. — The  institution  has  not  suffered 
from  this  disease  to  a  greater  extent  than  has  been  common  in 
a  population  of  the  same  number  and  the  same  ages  living  under 
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other  conditions.  Several  cases  occurred  in  1882  and  1883 
attended  with  five  deaths,  and  since  that  time  there  have  been 
but  few  cases  till  the  present  year.  Cases  entered  upon  the 
hospital  records  as  tonsillitis,  laryngitis,  pharyngitis,  sore 
throat  and  croup  have  been  of  frequent  occurrence.  An  epi- 
denaic  of  tonsillitis  appears  to  have  prevailed  quite  generally  in 
1886-1887. 

During  the  fortnight  previous  to  the  occurrence  of  the  cases 
in  February,  1890,  five  children  were  admitted  from  Boston 
and  Springfield,  two  from  the  former  on  January  29,  and  three 
from  the  latter  city  on  January  31.  One  of  those  from  Spring- 
field, aged  three  years  ten  months,  was  taken  ill  with  tonsillitis 
February  10.  Soon  after  the  illness  of  these  three  girls  in 
February,  a  teacher  who  had  the  supervision  of  these  children 
was  taken  ill  with  diphtheria.  The  substitute  who  followed 
her  also  had  sore  throat,  and  from  that  date  there  were  occa- 
sional cases  of  sore  throat  through  April,  May  and  the  summer 
months,  among  the  attendants  as  well  as  among  the  children. 
In  April,  a  child  aged  six,  who  lived  in  the  family  of  the 
painter,  in  a  house  near  the  school,  was  taken  ill  with  diph- 
theria and  died.  This  child  attended  school  with  the  children 
of  the  same  age,  but  did  not  sleep  or  eat  at  the  school. 

Another  undoubted  case  occurred  August  28,  a  colored  boy, 
who  came  from  the  neighboring  town  of  Monson.  He  was  one 
of  five  children  of  one  family,  aged  four,  five,  eight,  eleven  and 
thirteen,  who  came  together  and  were  admitted  July  22.  He 
and  his  sister  of  five  years  were  put  into  the  nursery  ward,  the 
same  room  in  which  the  previous  cases  originated.  Between 
the  date  of  this  boy's  admission  and  the  time  of  his  being  taken 
ill,  twenty-five  children  were  admitted,  of  which  number  five 
came  from  Boston,  two  from  Springfield,  one  from  Gloucester, 
one  from  Chelsea,  one  from  Lynn,  seven  from  small  towns  in 
difierent  parts  of  the  State,  and  eight  from  the  State  Almshouse 
at  Tewksbury. 

Summari/.  —  There  were  during  1890  the  following  cases  of 
diphtheria  at  the  school  :  — 

February,  three;  March,  one;  April,  one;  May,  two; 
August,  one  ;  October,  two.  The  first  case  was  that  of  a  girl 
from  South  Boston,  who  had  been  in  the  school  a  year.  A 
previous    case    of    tonsillitis    had,    however,    been     reported 
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February  10,  a  child  of  four  years,  who  had  come  from 
Springfield  ten  days  before  being  taken  ill. 

So  far  as  could  be  determined  from  several  visits,  the  centre 
of  infection  appears  to  have  been  the  room  in  the  second  story 
east  wing,  occupied  by  little  children  from  two  to  six  years  of 
age.  In  this  room  there  were  four  cases,  and  of  the  remaining 
cases,  occurring  in  the  third  story,  the  first  was  a  sister  of  one 
of  those  taken  ill  in  the  second  story.  The  boy  ill  in  October 
was  an  inmate  of  the  third  story  ward,  but  ate  and  played  in 
the  second  story  ward  with  the  little  children.  Another,  a  girl 
in  the  third  story,  was  employed  a  part  of  the  time  in  the 
second  story  ward.  The  location  of  the  beds  of  the  infected 
children  was  not  such  as  to  give  rise  to  suspicion  of  infection 
from  bed  to  bed. 

In  the  opinion  of  the  secretary,  the  infection  of  diphtheria 
was  introduced  into  the  school.from  without,  about  January  31, 
or  Feb.  1,  1890,  and  subsequent  cases  were  probably  the  result 
of  that  importation  of  the  disease.  There  may  have  been  a 
re-importation  in  August.  The  nursery  ward  probably  became 
to  a  greater  or  less  extent  infected  with  the  contagion  of 
diphtheria.  The  age  and  condition  of  the  room,  its  walls  and 
floor  are  such  as  to  favor  the  retention  of  infectious  material. 
Its  population  consisted  of  40  or  50  children  from  two  to  six 
years  old,  the  age  above  all  others  which  is  most  susceptible 
to  this  disease.  Possibly  the  small  play-house  in  the  yard 
may  have  contributed  to  the  infection. 

With  these  facts  in  view  the  Board  addressed  the  following 
reply  to  the  trustees  of  the  State  Primary  School :  — 

Office  of  State  Boaed  of  Health, 

13  Beacon  St.,  Boston,  October,  1890. 

To  the  Trustees  of  the  State  Primary  School. 

Gentlemen  :  —  In  reply  to  your  letter  of  Sept.  12,  1890,  requesting- 
the  advice  of  the  State  Board  of  Health  as  to  the  best  means  of  pre- 
venting the  too  frequent  occurrence  of  diphtheria  at  the  State  Primary 
School,  I  have  the  honor  to  state  that  the  matter  has  been  submitted 
to  the  Board,  and  in  compliance  with  the  request,  several  visits  have 
been  made  to  the  school  for  the  purpose  of  ascertaining  the  conditions 
under  which  diphtheria  has  prevailed  there. 

Cases  occurred  in  February,  March,  April,  May,  August  and  Octo- 
ber, 1890,  in  the  school  and  its  immediate  neighborhood,  one  case 
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having  occurred  in  the  family  of  a  painter  living  but  a  short  distance 
outside  the  yard.  This  child  attended  school  during  the  day  in  the 
institution. 

These  cases  point  very  strongly  and  significantly  to  the  second 
story  ward,  occupied  by  the  little  children  from  two  to  five  years  of 
age,  as  the  centre  of  infection.  Some  four  or  five  cases  have  occurred 
among  children  occupying  this  ward  and  among  those  who  were  taken 
ill  in  the  third  story  wards.  One  was  a  boy  who  eats  and  plays  in 
the  second  story  ward  with  the  little  children,  and  another,  the  last 
one  taken  ill,  is  that  of  a  girl  who  is  employed  in  the  daytime  in  the 
second  story  ward  occupied  by  the  little  children. 

In  reviewing  the  history  of  the  school  for  the  past  ten  years  we 
find  that  there  have  been  eleven  deaths  from  diphtheria  and  croup,  as 
follows  :  — 

In  October,  1880,  one  girl  of  six  years. 

In  April,  1881,  one  boy  of  six  years. 

In  November,  1882,  one  girl  of  three  and  a  half  years. 

In  December,  1882,  one  girl  of  six  years  and  eight  months  ;  one  boy  of 

thi'ee  and  a  half  years  ;  two  girls  of years  ;  one  boy  of  five  and  a  half 

years  ;  one  boy  of  seven  years. 

In  March,  1885,  one  boy  of  one  year. 

In  April,  1890,  a  boy  of  six  years  at  painter's  house  outside  the  yard; 
attended  day  school  only. 

These  eleven  cases,  or  about  one  death  annually,  are  all  of  the 
recorded  deaths  from  diphtheria  and  croup  which  have  occurred  in  ten 
years.  Compare  this  with  the  total  population  outside  the  institution  ; 
there  were  in  Massachusetts  for  the  same  period,  1880-1889,  17,550 
deaths  from  diphtheria  and  croup  among  476,000  children  between 
the  ages  of  0  to  16  years,  a  ratio  of  3.7  deaths  per  thousand  of  the 
people  annually  of  that  period  of  life,  which  was  greater  than  the 
mortality  at  the  school.  In  connection  with  these  cases,  however, 
the  following  comment  should  be  made  :  — 

Between  .July,  1884,  and  Oct.  1,  1890,  out  of  2,493  admissions  to 
the  hospital  of  the  institution,  from  all  causes,  there  were  recorded 
371  cases  from  the  following  causes  combined  :  diplitheria,  tonsillitis, 
and  follicular  tonsillitis,  pharyngitis,  laryngitis,  sore  throat  and 
swollen  tonsils,  or  14.9  per  cent,  of  the  whole  number  of  admissions, 
of  which  14  only,  or  but  little  more  than  half  of  one  per  cent.,  were 
determined  to  be  diphtheria. 

In  view  of  the  extreme  uncertainty  which  attends  the  diagnosis 
of  mild  cases  of  diphtheria,  from  the  other  diseases  named  in  this 
list,  it  is  quite  possible  that  at  least  some  of  these  cases  may  have 
been  mild  and  unrecognized  cases  of  diphtheria. 
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For  the  purpose,  first,  of  preventing  the  introduction  of  diphtheria 
from  without,  and  secondly,  to  prevent  its  spread  if  once  introduced 
into  the  school,  the  Board  would  make  the  following  recommenda- 
tions :  — 

That  measures  of  a  quarantine  character  should  be  adopted  with 
reference  to  all  children  committed  to  the  school,  especially  those 
coming  from  districts  in  which  any  infectious  disease  of  a  dangerous 
character  is  known  to  be  prevailing.  Care  should  be  taken  to  make 
inquiry  as  to  the  prevalence  of  such  disease  during  the  previous 
month  in  the  city  or  town,  institution  or  family  from  which  the  child 
is  admitted. 

A  medical  examination,  to  include  a  special  examination  of  the 
throat,  should  be  required  on  the  admission  of  each  child,  and  any 
suspicious  case,  or  one  found  to  be  infected  with  any  contagious  dis- 
ease, should  be  isolated.  Such  measures  can  now  be  carried  out, 
since  the  institution  has  a  resident  physician.  The  attention  of  the 
trustees  is  respectfully  called  in  this  connection  to  the  following 
extract  from  the  fourth  report  of  the  State  Board  of  Health,  Lunacy 
and  Charity,  1882,  page  cxxxv :  "All  children,  as  they  come  into 
the  establishment,  will  be  isolated  for  a  while,  until  it  is  ascertained 
whether  they  are  affected  with-any  contagious  disease." 

For  the  further  prevention  of  the  introduction  of  infectious  dis- 
ease, the  admission  of  visitors,  especially  the  relatives  and  friends 
of  children  (coming  as  they  do  from  a  class  unusually  liable  to  the 
occurrence  of  infectious  diseases) ,  should  be  allowed  only  under  care- 
ful supervision. 

For  the  prevention  of  the  spread  of  diphtheria  and  other  infectious 
diseases,  after  they  have  been  introduced  from  without,  the  wards  in 
the  second  and  third  stories  of  the  east  end  of  the  building  should 
receive  a  thorough  cleansing  and  disinfection,  measures  which  cannot 
well  be  adopted  during  their  occupancy  and  could  also  be  carried  out 
with  much  greater  efficiency  under  improved  methods  of  construction 
and  arrangement. 

As  an  additional  precaution  it  is  recommended  that  the  heads  of  all 
children  coming  from  the  infectious  hospital  should  be  shaved  and 
the  hair  destroyed  by  burning,  and  the  clothing  used  there  be  scalded 
in  a  solution  of  bichloride  of  mercury,  1  to  1,000.  The  beds  in  the 
dormitories  should  each  be  marked  with  a  permanent  number,  for  the 
purpose  of  identification  of  each  child.  Finally  the  small  play-house 
at  the  east  end  of  the  yard  should  be  destroyed,  and  a  new  one 
erected  in  a  new  location. 
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Registration  of  Vital  Statistics. 
In  accordance  with  previous  custom  a  brief  digest  is  here- 
with presented  of  the  Vital  Statistics  of  the   State  for  the  year 
1889,  which  were  edited  by  the  secretary  of  the  Board. 

Population. 

The  estimated  population  of  the  State  for  the  year  1889  was 
2,175,153. 

Births. 

The  number  of  births  in  the  year  1889  was  57,075,  the  largest 
number  recorded  in  one  year  since  the  beginning  of  registration. 
This  number  represented  a  ratio  or  birth  rate  of  26.24  per  1,000  of 
the  living  population.     The  number  of  still-births  was  2,021. 

The  birth  rate  of  the  twenty-eight  cities  was  28.77  per  1,000,  and 
that  of  the  remainder  of  the  State  was  22.31  per  1,000.  The  largest 
number  of  births  in  a  single  month  in  1889  occurred  in  August  and 
in  the  third  quarter  of  the  year,  and  the  least  number  in  February 
and  in  the  first  quarter.  The  sexes  were  distributed  as  follows  : 
males,  29,017  ;  females,  28,042  ;  not  stated,  16. 

Marriages, 
•  The  number  of  marriages  in  1889  was  20,397,  and  was  greater 
than  that  of  any  previous  year.  The  marriage  rate  (persons  mar- 
ried) was  18.76  per  1,000,  and  the  number  of  marriages  was  9.38  per 
1,000  of  the  living  population.  The  ratio  for  the  twenty-eight  cities 
was  10.34  per  1,000  and  for  the  rest  of  the  State  7.88  per  1,000. 

The  greatest  number  was  recorded  in  November  and  in  the  last 
quarter  of  the  year,  and  the  least  number  in  March  and  in  the  first 
quarter. 

Deaths. 

The  number  of  deaths  registered  in  1889  was  41,777,  which  was 
320  less  than  those  of  the  previous  year,  but  was  2,738  more  than  the 
average  of  the  five  years  ending  with  1888.  The  death  rate  was 
19.21  per  1,000  of  the  living  population,  which  was  less  than  that  of 
any  year  except  one  since  1879.  The  mortality  of  infants  under  one 
year  was  9,105,  and  the  percentage  of  deaths  of  this  class  to  the  total 
mortality  was  21.79.  The  mortality  rate  of  the  twenty-eight  cities 
was  20.75  per  1,000,  and  that  of  the  rest  of  the  State  was  16.81. 
The  greatest  number  of  deaths  occurred  in  July  and  in  the  third 
quarter  of  the  year,  and  the  least  number  occurred  in  November  and 
in  the  first  quarter.  Of  the  whole  number  of  deaths  20,978  were 
males  and  20,799  were  females. 
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Causes  of  Death. 

The- number  of  deaths  from  unknown  or  unspecified  causes  was 
490,  or  1.17  per  cent,  of  the  whole,  a  smaller  ratio  than  that  of  any 
previous  year. 

From  the  class  of  diseases  known  as  zymotic  there  were  8,034 
deaths ;  from  constitutional  diseases,  9,000 ;  from  local  diseases, 
18,187 ;  from  developmental  diseases,  4,373,  and  from  violence^ 
1,693. 

There  were  but  four  deaths  from  small-pox  in  1889,  and  the  annual 
average  of  the  ten  years  ending  with  1889  was  16. 

The  deaths  from  dysentery  were  299,  and  the  decennial  average  was 
305. 

The  deaths  from  typhoid  fever  were  891,  and  the  decennial  average 
was  909.  The  ratio  of  deaths  from  this  cause  has  gradually  dimin- 
ished from  7.6  per  10,000  of  the  population  in  1860  to  4.1  per  10,000 
in  1889.  The  highest  ratio  was  13.4  in  1865,  and  the  lowest  was  3.7 
in  1879. 

From  ivhooping-cough  there  were  310  deaths  in  1889,  and  an  aver- 
age of  250  for  the  decennial  period. 

From  diphtheria  and  crovp  there  were  2,214  deaths  in  1889,  and  a 
decennial  average  of  1,857.  The  greatest  number  occurred  in  Octo- 
ber and  the  least  in  July. 

The  deaths  from  measles  were  171,  as  compared  with  a  decennial 
average  of  222.  The  mortality  from  this  cause  in  1889  was  not  dis- 
tributed with  uniformity  throughout  the  State,  since  84  per  cent, 
of  the  deaths  occurred  in  Bristol,  Essex,  Middlesex,  Suffolk  and 
Worcester  counties,  while  there  were  no  deaths  from  the  same  cause 
in  Barnstable,  Dukes,  Hampshire  and  Nantucket  counties. 

The  deaths  from  scarlet-fever  were  only  185,  which  was  319  less 
than  those  of  the  previous  year,  and  also  less  than  those  of  any  previ- 
ous year,  except  1848,  since  the  beginning  of  registration.  There 
were  no  deaths  from  this  cause  in  Barnstable,  Dukes  and  Nantucket 
counties. 

From  jjhthisis  the  number  of  deaths  was  5,581,  while  the  decennial 
average  was  5,801.  The  death  rate  from  this  most  destructive  of  all 
causes  has  steadily  diminished  from  34.3  per  10,000  of  the  population 
in  1870  to  25.7  in  1889.  In  general  the  death  rate  from  this  cause  is 
greater  in  the  eastern  counties  of  the  State  than  in  the  western. 

The  deaths  from  pneumonia  were  3,440,  as  compared  with  3,716  in 
the  previous  year,  and  a  decennial  average  of  3,147. 

The  deaths  from  cholera  infayitum  were  2,156,  which  was  .39  less 
than  those  of  1888,  and  114  greater  than  the  decennial  average. 

The  number  of  deaths  from  the  principal  diseases  of  the  nervous 
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system  (apoplexy,  paralysis,  insanity  and  convulsions)  was  3,466,  as 
compared  with  3,561  in  1888,  and  a  decennial  average  of  2,995. 

The  deaths  ascribed  to  insanity  were  214,  which  was  higher  than 
that  of  any  previous  year,  the  decennial  average  being  167. 

There  was  a  notable  increase  in  the  deaths  from  heart  diseases 
during  the  ten  years,  the  number  registered  from  this  cause  in  1880 
being  1,822,  and  increasing  with  considerable  uniformity  to  3,280 
in  1889. 

There  was  also  a  marked  increase  in  the  deaths  from  kidney  diseases, 
from  723  in  1880  to  1,290  in  1889. 

There  was  an  increase  in  the  deaths  from  hydropliohia,  the  number 
in  1888  being  2,  and  in  1889,  14;  while  in  the  six  preceding  years 
there  had  been  no  deaths  from  this  cause. 

Medical  Examiners'  Returns. 

The  number  of  deaths  which  were  investigated  by  the  medical 
examiners  in  1889  was  1,654.  These  were  the  deaths  from  violent, 
sudden  and  suspicious  causes,  which  were  referred  to  tliese  officers 
during  the  3'ear  for  the  purpose  of  official  inquiry. 

Of  this  number  1,253  were  males,  388  were  females  and  the  sex  of 
13  was  not  specified.  The  deaths  from  homicide  were  51  ;  from 
suicide,  199  ;  from  accident,  792  ;  and  from  all  other  causes,  612. 
The  principal  accidental  causes  were  :  by  drowning,  244  ;  by  railroad 
accidents,  252  ;  by  falls  and  blows,  134  ;  and  by  burns,  scalds  and 
explosions,  42.  There  were  238  deaths  investigated,  in  which 
intemperance  was  alleged  to  have  been  either  the  direct  or  indirect 
cause. 

Weekly  Mortality  Eeports. 

Early  in  the  history  of  the  Board  a  system  of  collecting  and 
of  diffasing  information  upon  the  health  of  the  State  was  begun 
by  obtaining  from  each  local  authority  in  the  cities  and  towns, 
so  far  as  could  be  done  by  means  of  voluntary  reports,  a  weekly 
return  of  the  deaths  in  such  cities  and  towns.  This  practice 
has  been  continued  to  the  present  time,  and  has  proved  a  useful 
aid  in  the  investigation  of  the  causes  and  prevalence  of  disease, 
especially  of  the  infectious  and  the  preventible  classes.  In  the 
past  seven  years  these  have  been  published  in  the  form  of  a 
weekly  bulletin,  and  sent  to  each  city  and  town.  As  this 
system  of  weekly  returns  of  deaths  is  very  imperfect  as  now 
conducted,  in  consequence  of  the  failure  of  many  of  the  cities 
and   large  towns  to  ma:ke   such  returns,   it  is   desirable  that 
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measures  should  be  taken  by  adequate  legislation  to  secure 
uniformity  of  practice  in  this  respect  throughout  the  State,  at 
least  for  the  cities  and  large  towns. 

In  1888  a  six  years'  summary  was  preseuted,  with  a  series  of 
charts,  in  which  the  seasonal  prevalence  of  the  principal  infec- 
tious diseases  was  graphically  presented  by  means  of  diagrams 
illustrating  the  numbers  of  deaths  from  each  principal  cause  for 
each  week    for  the    year    1888,  and  for   the  six-year   period, 

1883-1888. 

Food  and  Drug  Inspection. 

The  operations  of  the  Board  under  the  food  and  drug  acts 
of  1882,  and  the  amendments  of  later  years,  have  continued 
without  interruption  throughout  the  year.  Three  inspectors 
have  been  constantly  employed  in  the  collection  of  samples  in 
different  parts  of  the  State,  and  these  have  been  suboiitted  to 
the  chemists  for  analysis.  The  publication  of  a  monthly  bulletin, 
begun  in  1889,  has  been  continued  uninterruptedly  from  that 
time.  This  bulletin  has  been  published  in  the  same  sheet  with 
the  regular  mortality  reports  of  the  Board,  and  has  been  sent 
regularly  to  each  local  board  of  health  in  the  State.  It  has 
proved  a  useful  mode  of  diffusing  information  upon  the  subject 
of  food  adulteration  among  the  people.  The  material  presented 
in  these  bulletins  consists  of  a  summary  of  the  articles  examined 
by  the  chemists  of  the  Board  in  each  month,  a  statement  of 
the  number  and  character  of  the  complaints  entered  in  court,  a 
list  of  the  towns  visited  by  the  inspectors^,  and  such  other  infor- 
mation relative  to  special  and  new  forms  of  adulteration  as  may 
have  come  to  the  knowledge  of  the  Board  during  the  previous 
month. 

The  whole  number  of  samples  examined  by  the  chemists  dur- 
ing the  year  was  5,985.  During  the  entire  period  of  seven 
years  or  more  since  the  enactment  of  the  present  law,  35,671 
samples  have  been  submitted  for  analysis. 

The  work  of  the  Board  in  this  direction  has  secured  to  the 
people  of  the  State  a  purer  and  better  food  supply,  and  the  gain 
which  has  thus  been  acquired  has  far  more  than  counterbalanced 
the  outlay  which  has  been  made. 

A  summary  of  the  prosecutions  and  an  account  of  the  expenses 
of  the  Board  in  carrying  out  the  provisions  of  these  statutes 
was  sent  to  the  Legislature,  in  compliance  with  the  terms  of  the 
act,  in  February  last  (Senate  Document  80). 
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Noxious  and  Offensive  Trades. 

Under  the  statute  giving  authority  to  the  Board  to  act  upon 
application  of  parties  complaining  of  certain  trades  or  occupa- 
tions which  cause  "  nuisance  or  are  hurtful  to  the  inhabitants, 
or  dangerous  to  the  public  health,  or  the  exercise  of  which  is 
attended  by  noisome  and  injurious  odors,  or  are  otherwise  inju- 
rious to  their  estates,"  no  applications  have  been  made  to  the 
Board  during  the  jear. 

In  the  only  case  which  was  referred  to  the  Board  during  the 
previous  year,  the  factory  at  Dighton  in  which  paris  green  was 
manufactured,  appliances  were  used  to  prevent  annoyance  and 
injury  from  the  escape  of  the  dust,  and  no  further  complaints 
have  been  received  in  regard  to  it. 

Local  Boards  of  Health. 

The  legal  status  of  boards  of  health  in  the  towns  in  Massa- 
chusetts is  unfortunately  of  such  a  nature  as  in  many  instances 
to  entirely  defeat  the  proper  administration  of  sanitary  laws  in 
the  towns.  Much  evidence  has  accumulated  in  the  office  of  the 
State  Board  of  Health  showing  the  urgent  need  of  adequate  leg- 
islation which  shall  afford  a  proper  sanitary  board  for  every 
town,  or  at  least  for  all  the  large  towns  in  the  State. 

The  necessity  of  such  legislation  has  already  beeii  alluded 
to  in  previous  reports  of  the  Board,  especially  in  the. twentieth 
annual  report,  in  which  instances  were  cited  showing  the  inad- 
equacy of  the  present  law  to  meet  the  requirements  of  public 
health.  It  is  not  necessary,  therefore,  to  dwell  at  length  upon 
the  subject  in  this  report.  It  is  sufficient  to  say  that  the  need 
of  a  better  law  becomes  more  apparent  every  year. 

Water  Supply  axd  Sewerage. 

This  important  department  of  public  sanitary  work  i.s  con- 
ducted by  the  Board  under  the  provisions  of  the  "  Act  to 
protect  the  purity  of  inland  waters."  (Chapter  375  of  the 
Acts  of  1888.) 

A  portion  of  this  work,  comprising  the  advice  of  the  Board 
to  the  authorities  of  cities,  towns  and  individuals,  has  already 
been  published  as  Senate  Document  No.  4,  1891,  and  forms 
the  first  part  of  the  present  report,  pp.  1-fiG. 
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The  two  volumes  referred  to  in  the  last  report  (p.  ix)  have 
been  published  since  the  date  of  that  report,  and  are  entitled  : 
"  Examination  of  Water'  Supplies  and  Rivers"  (vol.  I.),  and 
^^Purification  of  Sewage  and  Water''  (vol.  II.) .  These  two  very 
full  and  complete  reports  contain  the  results  of  the  work  of  the 
Board  for  the  years  1887,  1888  and  1889  upon  these  important 
subjects.  In  the  present  report  an  additional  account  of  the 
work  done  in  the  examination  of  water  supplies  up  to  Dec.  81, 
1890,  is  also  presented. 

The  entire  work  in  this  department  has  been  conducted 
under  the  general  supervision  of  the  committee  of  the  Board 
upon  Water  Supply  and  Sewerage,  of  which  Mr.  Mills  is 
chairman. 

The  chemical  examinations  of  waters  have  been  conducted, 
as  in  previous  years,  at  the  laboratory  of  the  Institute  of 
Technology,  under  the  direction  of  Prof.  T.  M.  Drown,  and 
the  biological  examinations  have  been  made  under  the  direc- 
tion of  Prof.  W.  T.  Sedgwick. 

The  Experiment  Station  at  Lawrence,  established  in  1887, 
for  the  purpose  of  experimental  work  upon  the  purification  of 
water  and  sewage,  is  under  the  direct  supervision  of  Mr. 
Mills.  A  description  of  the  station  may  be  found  in  the  special 
volume  upon  "  Purification  of  Sewage  and  Water."  A  new 
laboratory  was  built  and  equipped  during  the  past  year  at  a 
moderate  cost,  having  two  conveniently  arranged  rooms  for 
chemical  and  biological  work.  In  the  same  line  of  work,  the 
chief  engineer  of  the  Board  has  contributed  to  this  portion  of 
the  present  report  a  paper  upon  the  "Selection  of  Sources 
of  Water  Supply,"  which  will  prove  valuable  to  all  who  are 
looking  to  new  regions  for  supplies  of  water  in  sufficient 
quantity  and  of  good  quality. 

Typpioid  Fever  in  its  relation  to  Water  Supplies. 

It  has  been  pretty  conclusively  demonstrated  during  the  past 
twenty  years  or  more  that  supplies  of  water  for  domestic  pur- 
poses, either  private  or  public,  have  proved  to  be  the  media 
through  which  the  specific  infection  of  typhoid  fever  has 
spread  from  the  sick  to  the  well,  thus  carrying  the  disease 
sometimes  to  sinole  families,  and  sometimes  to  laro-e  commu- 
nities. 
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The  excessive  prevalence  of  the  disease  during  the  years 
1889  and  1890  in  some  of  tlie  larger  cities  of  the  St.ite  has 
afforded  opportunity  to  investigate  the  subject  so  far  as  it 
relates  to  supplies  of  drinking  water,  and  a  paper  is  contrib- 
uted to  this  report  by  H.  F.  Mills,  C.E.,  a  member  of  the 
Board,  in  which  the  question  is  considered  in  its  relation  to 
such  supplies  of  drinking  water. 

The  Growth  of  Children. 
Professor  Bowditch's  observations  upon  the  Laws  of  Human 
Growth  are  continued  in  the  present  report,  to  which  he  has 
contributed  a  valuable  paper  upon  "The  Growth  of  Children 
studied  by  Galton's  Method  of  Percentile  Grades." 

Health  of  Towns. 
A  digest  is  presented  of  the  principal  and  important  points 
contained  in  the  reports  of  local  boards  of  health  which  have 
been  forwarded  to  the  office  of  the  State  Board.  These  com- 
prise the  reports  of  20  cities  and  32  of  the  larger  towns.  Very 
many  of  the  towns,  especially  those  which  are  of  small  size 
and  have  an  almost  stationary  population,  have  no  board  of 
health  other  than  the  board  of  selectmen,  and  publish  no  report 
of  their  transactions. 

Recommendations. 

The  Board  renews  its  recommendation  expressed  in  previous 
reports,  that  the  present  law  allowing  a  town  to  impose  the 
duties  of  the  local  board  of  health  upon  the  selectmen  should 
be  made  permissive  only  in  the  smaller  towns. 

It  is  also  recommended  that  the  weekly  returns  of  mortality 
which  are  now  sent  to  the  State  Board  by  the  local  boards  of 
health  be  required  by  legal  enactment,  as  applied  to  all  cities  and 
large  towns.  These  returns  have  proved  especially  valuable  in 
tracing  the  course  and  causes  of  epidemics  with  reference  to  their 
future  prevention. 

Expenditures. 

The  expenses  of  the  Board  during  the  year  ending  Sept.  30, 
1890,  under  the  three  appropriations  for  General  Expenses, 
Food  and  Drug  Inspection,  and  AVater  Supply  and  Sewerage 
work,  are  herewith  presented  :  — 
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General  Expenses. 


Salaries,  . 

Printing, . 

Apparatus, 

Travelling, 

Books, 

Special  investigations, 

Stationery, 

Postage,  . 

Chemical  analj'sis,  . 

Map  of  the  State,     . 

Telephone, 

Office  incidentals,    . 

Bookbinding,  . 

Advertising,     . 

Express,  . 

Telegrams, 

Total, 


.  $5,113 

00 

.   1,500 

59 

970 

88 

785 

51 

205 

45 

410 

28 

213 

78 

228 

46 

125 

00 

105 

00 

95 

05 

54 

89 

23 

20 

16 

25 

15 

92 

7 

75 

.  $9,871  01 

Food  and  Drug  Inspection. 

Salaries  of  chemists, 

Salaries  of  inspectors, 

Travelling  expenses  and  purchase  of  samjjles, 

Legal  services, 

Bottles,  corks,  twine,  seals  and  other  incidentals. 

Total,        .... 

Water  Supply  and  Sewerage. 
Salaries,  ........... 

Experiment  Station  at  Lawrence  (labor,  rent  and  materials) 

Rent  of  Massachusetts  Institute  of  Technology, 

Travelling, 

Express  and  postage, 

Photo-micrographs, 

Apparatus, 

Maps,  blue-prints  and  stationery. 
Paid  observer, 

Total,        .... 


.  $4,700 

00 

.  8,187 

50 

.   1,998 

75 

.  •  168 

00 

58 

14 

.$10,112  39 

.  $16,909 

78 

.  •  5,708 

89 

.   1,062 

50 

470 

92 

.    597 

27 

175 

00 

173 

75 

37 

85 

25 

50 

.$25,161 

46 

HENRY  P.  WALCOTT, 
JULIUS  H.  APPLETON, 
ELIJAH  U.  JONES, 
JOSEPH    W.    HASTINGS, 
HIRAM  F.  MILLS, 
FRANK  W.  DRAPER, 
JOHN  M.  RAYMOND, 


State  Board 
of  Health. 


WATER  SUPPLY  AND  SEWERAGE. 
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AVATER   SUPPLY  AND   SEWERAGE. 


The  State  Board  of  Health  is  required,  by  the  provisions 
of  section  3  of  chapter  375  of  the  Acts  of  1888,  "to 
consult  with  and  advise  the  authorities  of  cities  and  towns, 
or  with  corporations,  firms  or  individuals  either  already 
having  or  intending  to  introduce  systems  of  w^ater  supply, 
drainage  or  sewerage,  as  to  the  most  appropriate  source  of 
supply,  the  best  practicable  method  of  assuring  the  purity 
thereof  or  of  disposing  of  their  drainage  or  sewage,  having 
regard  to  the  present  and  prospective  needs  and  interests  of 
other  cities,  towns,  corporations,  firms  or  individuals  which 
may  be  affected  thereby.  It  shall  also  from  time  to  time 
consult  with  and  advise  persons  or  corporations  engaged  or 
intending  to  engage  in  any  manufacturing  or  other  business, 
drainage  or  sewage  from  which  may  tend  to  cause  the  pollu- 
tion of  any  inland  water,  as  to  the  best  practicable  method  of 
preventing  such  pollution  by  the  interception,  disposal  or 
purification  of  such  drainage  or  sewage  :  provided^  that  no 
person  shall  be  compelled  to  bear  the  expense  of  such  con- 
sultation or  advice,  or  of  experiments  made  for  the  purposes 
of  this  act.  All  such  authorities,  corporations,  firms  and 
individuals  are  hereby  required  to  give  notice  to  said  board 
of  their  intentions  in  the  premises,  and  to  submit  for  its 
advice  outlines  of  their  proposed  plans  or  schemes  in  rela- 
tion to  water  supply  and  disposal  of  drainage  and  sewage  ; 
and  all  petitions  to  the  Legislature  for  authority  to  introduce 
a  system  of  luater  supply,  drainage  or  sewerage  shall  he 
accompanied  by  a  copy  of  the  recommendation  and  advice  of 
the  said  hoard  thereon.^'' 

Under  this  act  the  following  cities,  towns,  corporations 
and  individuals,  have  applied  to  the  Board  for  its  advice, 
since  the  date  of  the  last  report  (Senate  Document  4,  Jan. 
10,  1890.) 
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Applications  for  advice  relating  to  water  supply  were 
received  from  the  following  sources  and  answers  were  sent 
to  them  as  follows  :  The  Cottage  City  Water  Company ; 
the  Dracut  Water  Supply  Company ;  the  trustees  of  the 
Massachusetts  School  for  the  Feeble-minded ;  citizens  of 
Eockport ;  the  trustees  of  the  State  Normal  School  at 
Framingham ;  Plymouth;  J.  C.  Whitney,  Esq.,  relative 
to  the  Hyde  Park  Water  Company ;  the  superintendent 
of  the  Woman's  Reformatory  at  Sherborn ;  Eastharapton, 
Webster  and  Manchester.  In  addition  *to  the  foreg-oing, 
replies  were  also  sent  to  the  authorities  of  Ipswich, 
Southborough,  to  citizens  of  Foxborough,  to  the  com- 
missioners of  the  Foxborough  water  supply  district,  the 
Stockbridge  Water  Company,  and  the  water  commissioners 
of  Springfield,  in  answer  to  applications  which  had  been 
received  by  the  Board  from  these  parties  during  the  month 
of  December,  1889.  Those  which  related  to  sewerage  and 
sewage  disposal  were  from  Quincy,  Pittsfield,  Gloucester, 
Westborough,  Brockton,  Eevere,  Lexington,  Whitman, 
Erving,  Winthrop,  the  Board  of  Health  of  Worcester,  rela- 
tive to  the  sewage  disposal  of  the  State  Lunatic  Hospital  at 
Worcester,  Bradford,  theBrookline  Gas  Company,  Framing- 
ham,  Athol  and  Beverly. 

Water  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relative  to  water  supply  :  — 

Ipswich.  The  water  committee  of  the  town  of  Ipswich 
applied  to  the  Board  (Nov.  30,  1889)  for  its  advice  relative 
to  water  supply,  suggesting  Dow's  Brook,  Egypt  River  and 
Ipswich  River  as  sources.     The  Board  replied  as  follows  ;  — 

Boston,  Jan.  11,  1890. 
The  three  sources  named  in  your  application,  viz.,  Dow's  Brook  and 
Egypt  and  Ipswich  rivers,  have  been  examined,  and  a  sample  of  water 
from  each  of  these  sources  has  been  analyzed.  The  waters  of  both 
rivers  are  so  much  affected  by  having  stood  in  swamps  that  they  are  not 
of  satisfactory  quality  for  a  domestic  water  supply.  The  water  of  Dow's 
Brook  is  at  present  colorless,  soft,  and  in  other  respects  a  very  good 
surface  water.  If  stored  in  a  somewhat  shallow  storage  reservoir,  as 
proposed,  the  water  will  undoubtedly  deteiiorate  to  some  extent,  and 
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may  be  seriously  affected  by  disagreeable  tastes  and  odors  sueli  as  have 
occurred  in  many  reservoirs  in  the  State.  From  the  information  fur- 
nished by  you,  and  such  additional  information  as  could  be  obtained,  it 
is  not  ]Drobable  that  Dow's  Brook  would  furnish,  in  a  very  dry  year, 
enough  water  to  supply  the  present  population  after  the  water  had  come 
into  general  use. 

In  choosing  a  source  of  water  supply,  it  is  obviously  of  the  utmost 
importance  to  the  town  that  the  quality  of  the  water  selected  should  be 
good,  and  that  there  should  be  no  doubt  as  regards  the  sutHcieney  of  the 
supply.  As  none  of  these  sources  mentioned  fully  meet  these  require- 
ments, the  Board  advises vthat  further  investigations  should  be  made  to 
ascertain  if  a  better  source  than  any  of  those  mentioned  cannot  be  found, 
and  suggests  as  sources  to  be  examined  a  supply  from  the  ground  near 
either  the  Ipswich  River  above  the  town,  or  Miles  River ;  also  the  latter 
river,  with  a  view  of  taking  its  waters  directly  from  the  stream.  If  a 
supply  can  be  obtained  from  the  ground  at  either  of  the  places  named, 
it  will  be  of  better  quality  than  that  from  any  surface  source.  The 
water  of  Miles  River  is  of  better  quality  than  that  of  either  the  Ipswich 
or  Egypt  rivers,  though  inferior  to  that  of  Dow's  Brook  in  its  present 
condition.  The  water  of  Dow's  Brook  after  storage  may  be  even  less 
satisfactory  than  water  taken  directly  from  Miles  River.  Water 
obtained  from  the  ground  should  be  stored  in  a  reservoir  where  it  will 
not  be  exposed  to  the  light. 


SouTHBOROUGH.  The  committee  on  water  supply  of  the 
town  of  Southborough  applied  to  the  Board  for  its  advice 
relative  to  an  appropriate  source  of  water  supply,  and  the 
Board  replied  as  follows  :  — 

Boston,  Jan.  7,  1890. 

The  State  Board  of  Health  has  considered  your  application,  dated 
Dec.  4,  1889,  for  advice  in  regard  to  the  most  appropriate  source  of 
water  supply  for  Southborough,  and  herewith  presents  its  reply :  — 

The  sample  of  water  from  the  driven  test  well  between  the  Worcester 
Turnpike  and  Stony  Brook,  west  of  Fayville,  was  of  satisfactory  qual- 
ity. As  regards  quantity,  it  is  not  improbable  that  a  sufficient  supi^ly 
of  water  might  be  obtained  from  a  large  well  at  this  j)lace ;  but  the 
indications  are  not  such  as  to  prevent  some  uncertainty  as  to  the  result. 
The  Board  therefore  advises  that  further  examinations  be  made,  before 
works  are  constructed,  to  ascertain  if  some  suitable  place  for  a  well 
cannot  be  found  near  some  other  portion  of  Stony  Brook,  where  the 
underlying  material  is  coarse  sand  or  gravel  over  a  larger  area.  It  is 
not  probable  that  Marshall's  Spring  and  Brook  will  furnish  a  sufficient 
quantity  of  water. 

FoxBOROUGH.  Citizens  of  Foxborough  presented  to  the 
Board   an  application,  dated   Dec.   6,  1880,  for  its  advice 
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relative  to  the  following  means  of  supply,  as  appropriate  for 
a  public  water  supply  :  — 

1.  Springs  about  one-fourth  mile  distant  from,  and  almost 
directly  in  front  of,  the  house  of  Peter  Post,  on  Mechanic 
Street  in  said  Foxborough. 

2.  Springs  on  land  of  William  T.  Cook,  near  line  of  Old 
Colony  Railroad,  and  located  a  short  distance  northerly  from 
Chestnut  Street  in  said  Foxborough. 

3.  Governor's  Brook,  so  called,  near  Carpenter's  Mill, 
Lakeview,  Foxborough. 

4.  Any  springs,  natural  ponds,  brooks  or  other  water 
sources  w^ithin  the  limits  of  the  town  of  Foxborouoh. 

To  this  application  the  Board  made  the  following  reply  :  — 

BosTOX,  Jan.  8,  1890. 

The  springs  opposite  the  house  of  Peter  Post,  on  Mechanic  Street, 
will  furnish  a  soft  water  of  excellent  quality,  and  the  quantity  of  water 
that  could  be  obtained  from  a  large  well  suitably  located  in  the  vicinity 
of  the  springs,  probably  at  some  point  below  them,  would  be  large. 
The  ground  in  this  vicinity  apjoears  to  be  a  coarse,  porous  gravel,  which 
would  ijermit  the  water  to  flow  freely  into  the  well ;  and  the  only 
serious  doubt  which  remains  as  to  the  suitability  of  this  source  for  sup- 
plying the  water  supply  district  of  Foxborough,  is  in  regard  to  exhaust- 
ing the  supply  by  a  continuous  draft  upon  it.  The  amount  of  water 
which  a  well  or  wells  in  this  vicinity  will  furnish  is  equal  to  the  rainfall 
upon  the  area  contributing  to  the  well,  less  the  amount  tiiat  goes  off  by 
evaporation,  and  the  amount  which  flows  off  over  the  surface.  It  is 
practicable,  in  some  directions  from  the  spring,  to  determine  approxi- 
mately, by  surveys  and  levels,  the  area  from  which  the  ground  water 
would  flow  towards  a  well ;  and  in  other  directions,  as,  for  instance, 
towards  the  reservoir,  to  form  a  fair  judgment  as  to  the  area  which 
would  contribute  to  the  well  when  the  water  in  it  is  lowered  by  pump- 
ing. The  prospect  for  obtaining  a  sufiicient  supjjly  from  this  location 
appears  to  be  favorable,  and  the  Board  advises  that  investigations  be 
made  to  determine  if  a  well  here  will  furnish  a  sufficient  quantity  of 
water ;  and,  if  this  shov;ld  prove  to  be  the  case,  would  advise  this  as  the 
most  appropriate  source  for  supplying  Foxborough  with  water. 

The  water  in  Carpenter's  Mill-pond,  on  Governor's  Brook  at  Lakeview, 
is  inferior  in  quality  for  the  purposes  of  a  public  water  supply  to  that 
from  the  springs,  and  it  is  obvious  that  water  from  this  brook  below  the 
wool-scouring  mill  at  this  place  would  be  objectionable  in  quality. 

A  well  or  filter  gallery  near  the  brook  at  some  point  below  the  wool- 
scoui'ing  mill  might  furnish  a  stifiicient  supply  for  the  district,  a  part  of 
the  water  being  derived  from  the  land  side  and  a  part  b}'  filtration  from 
the  brook.  Water  derived  from  the  brook  in  this  way  would  probably 
be  of  satisfactory  quality,  if  the  well   were  located  not  less  than  one 
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Imndred  feet  from  the  brook.  This  source  appears  less  favorable  than 
the  springs  fii'st  mentioned,  and  the  Board  does  not  advise  its  further 
consideration  unless  the  quantity  to  be  obtained  from  the  springs  should 
appear,  after  investigation,  to  be  insufficient.  The  springs  on  land  of 
W.  T.  Cook  did  not  give  promise  of  as  large  a  supply  as  those  opposite 
the  house  of  Peter  Post.  Other  sources  near  the  village  were  looked  at, 
and  plans  have  been  examined,  but  the  Board  has  not  learned  of  another 
source  as  good  as  those  already  mentioned. 

The  commissioners  of  the  water  supply  district  of  Fox- 
borough  also  applied  to  the  Board  (Dec.  20,  1889)  for  its 
advice  in  relation  to  a  proposed  system  of  water  supply, 
and  at  the  same  time  designated  the  springs  opposite  the 
house  of  Peter  Post,  on  Mechanic  Street,  as  an  appropriate 
source  of  supply.  To  this  application  the  Board  (Feb.  18, 
1890)  presented,  without  modification,  the  same  advice 
which  had  been  given  previously  to  citizens  of  Foxborough 
(presented  in  full  on  the  foregoing  page). 

The  Stockbridge  Water  Company.  The  Stockbridge 
Water  Company  applied  to  the  Board  (Dec.  7,  1889)  for 
advice  relative  to  an  additional  supply  of  water  from  Konk- 
apot  Brook,  and  also  from  one  of  its  tributaries  flowing  from 
Lake  Agawam,  to  which  the  Board  gave  the  following- 
reply  :  — 

BosTO>%  Jan.  8,  1890. 

Analyses  of  water  from  both  of  these  streams,  made  in  December, 
1889,  showed  that  both  were  at  this  time  suitable  for  domestic  use ;  but 
the  water  from  Konkapot  Brook  was  decidedly  better  for  drinking  and 
all  domestic  pui'poses  than  that  from  the  stream  flowing  from  Lake 
Agawam.  It  would  be  an  advantage,  as  regards  quality,  to  take  water 
from  Konkapot  Brook  above  the  confluence  with  the  brook  from  Lake 
Agawam.  A  pumping  station  at  the  confluence  of  the  two  brooks,  so 
arranged  as  to  draw  water  from  either  of  them,  at  will,  would  be  desir- 
able if  Konkapot  Brook  is  liable  to  become  muddy  after  heavy  rains. 

It  is  evident  that  the  old  four-inch  pipe  is  too  small  to  give  a  satis- 
factory head  in  the  village.  The  Board  therefore  suggest  that,  as  the 
present  pipe  will  have  to  be  supplemented  by  one  of  larger  capacity  in 
the  future,  the  proposed  pumping  main  should  be  put  in  as  large  as  six 
inches  in  diameter. 

Springfield.  After  the  report  of  the  Board,  which  was 
made  in  September,  1889,  relative  to  the  question  of 
improving  the  quality  of  the  water  of  the  Springfield  water 
supply,  the  water  commissioners  of  Springfield  submitted  to 
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the  State  Board  of  Health  an  application  for  its  advice, 
accompanied  with  a  statement  of  certain  proposed  changes 
in  their  system  of  water  supply,  which,  briefly  stated,  were 
as  follows  :  — 

The  separation  from  the  Ludlow  reservoir  of  a  portion 
thereof,  having  an  area  of  about  twelve  acres,  and  a  storage 
capacity  of  fifty  million  gallons ;  the  connection  of  this 
smaller  reservoir  with  the  Broad  Brook  canal,  by  means  of  a 
pipe  and  open  canal  running  outside  the  larger  portion  of 
the  reservoir,  and  along  the  Cherry  valley  outlet  and  dam. 
Into  Broad  Brook  canal  the  waters  of  Jabish  Brook,  rising 
in  Pelham  and  Belchertown,  were  to  be  conducted  as  an 
additional  supply.  The  water  of  the  large  reservoir  was  to 
be  reserved  to  be  used  only  in  case  of  emergency.  It  was 
also  contemplated  to  take  the  waters  of  Five  Mile  Pond,  and 
conduct  them  to  the  Van  Horn  Reservoir,  or  to  the  main 
pipes  as  a  further  additional  supply. 

To  this  application  the  Board  made  the  following- 
reply  :  — 

Boston,  Jan.  29,  1890. 

'  If  the  canals  leading  water  from  Jabish,  Broad  and  Higher  brooks 
are  made  so  that  their  banks  and  beds  are  impervious,  so  that  no  water 
is  wasted  on  the  way  between  the  natxiral  channels  of  those  brooks  and 
the  receiving  reservoir,  and  the  dam  on  Jabish  Brook  at  the  upper  end 
of  the  canal  be  made  so  that  no  waste  occm^s  there,  these  sources  will, 
in  wet  years,  suj^j^ly  as  much  water  as  Springfield  will  need  in  the 
immediate  future  ;  and  its  quality  is  likel}'  to  be  as  good  throughout  such 
years  as  the  present  supply  from  Ludlow  Reservoir  is  during  the  months 
when  it  has  not  contained  the  offensive  vegetable  growths.  But,  during 
dry  years,  sufficient  water  will  not  be  supi^lied  from  these  sources.  In 
a  year  as  dry  as  our  last  dry  year,  1883,  measurements  of  water  sup- 
plied by  streams  in  the  eastern  part  of  the  State  indicate  that,  with  the 
proposed  receiving  reservoir  full  on  the  first  of  July,  it  would  have 
been  emptied  by  the  last  day  of  September,  if  2,500,000  gallons  had 
been  drawn  daily.  If,  on  the  other  hand,  the  canals  leading  from  the 
natural  courses  of  these  bi'ooks  to  the  receiving  reservoir  allow  water 
to  leak  out  of  them,  as  we  understand  has  been  the  case  with  the  canal 
from  Higher  Brook  to  the  reservoir,  the  quantity  that  will  be  available 
may  be  much  less  than  the  2,500,000  gallons  per  day  above  given. 

The  quantity  of  4,000,000  gallons  per  day,  as  given  in  the  last  report 
of  the  water  commissioners,  as  about  the  quantity  consumed  in  the  city, 
is  certainly  none  too  large  as  a  basis  for  a  proposed  supply  for  the 
immediate  future.  If  300,000  gallons  per  day  can  be  received  from  Van 
Horn  and  Lombard  reservoirs,  there  are  3,700,000  gallons  to  be  fur- 
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nished.  To  supply  the  difference  between  3,700,000  gallons  and  2,500,000, 
or  a  less  amount,  either  Ludlow  Reservoir  must  be  drawn  upon  in  the 
season  when  its  water  is  likely  to  be  the  most  objectionable,  or  another 
source  that  will  supply  1,200,000  gallons  or  more,  must  be  found.  Five 
Mile  Pond  and  its  vicinity  is  suggested  in  your  api^lication  as  an  addi- 
tional source.  From  the  data  thus  far  obtained  by  the  Board  it  appears 
that,  if  this  pond  were  tapped  at  a  depth  of  twenty  feet  below  the  sur- 
face, it  might  furnish  750,000  gallons  a  day.  The  quality  of  the  water  is 
at  present  good.  Estimates  of  cost  would  be  necessary  before  deciding 
that  this  is  the  best  place  to  obtain  the  amount  of  water  that  it  will 
furnish. 

From  the  investigations  made  by  the  chief  engineer  of  the  Board,  we 
are  led  to  recommend  that  you  have  investigations  made  to  ascertain  if 
a  ground  water  supply  for  the  whole  city  cannot  be  obtained  from  the 
valley  of  the  north  branch  of  Mill  River,  and  from  the  ground  near  the 
streams  and  ponds  north  of  Mill  River,  including  Five  Mile  Pond,  sup- 
plemented, if  necessary,  with  water  from  the  Ludlow  Reservoir,  filtered 
through  the  sandy  land  in  the  vicinity,  as  suggested  in  the  previous 
report  of  the  Board. 

Cottage  City.  The  committee  on  water  supply  of  Cot- 
tage City  having  applied  for  the  advice  of  the  Board  relative 
to  Beach  Grove  Mineral  Springs  and  other  springs  in  their 
immediate  vicinity  as  a  source  of  water  supply,  the  Board, 
having  caused  an  examination  of  the  premises  and  of  the 
water  to  be  made  on  January  .28,  approved  of  the  source 
presented. 

The  Dracut  Water  Supply  Company.  Application 
was  made  by  the  Dracut  Water  Supply  Company  for  the 
advice  of  the  Board  relative  to  taking  the  water  of  Tyng's 
Pond  or  Long  Pond  as  a  water  supply  for  the  town  of 
Dracut,  to  which  the  Board  made  the  following  reply  :  — 

Boston,  Feb.  4,  1890. 
The  waters  of  these  ponds  are  of  good  quality  for  surface  waters,  and 
either  of  the  ponds  will  supply  a  sufficient  quantity  for  the  town  for 
many  years.  They  are  three  miles  or  a  little  more  from  Dracut  village, 
and  the  expense  of  bringing  the  water  from  either  of  them  will  be  con- 
siderable. Pumping  will  be  required.  Before  going  to  the  expense  of 
bringing  water  so  far,  the  Board  would  advise  you  to  have  examinations 
made,  to  see  if  an  abundant  ground  water  supply  may  not  be  obtained, 
neai'er,  at  less  expense. 

The  Massachusetts  School  for  the  Feeble-minded. 
The  trustees  of  this  school  applied  to  the  Board    (Feb.    3, 


1891.]  PUBLIC   DOCUMENT  — No.  34.  9 

1890)  for  its  advice  relative  to  a  water  supply  for  the  newly 
erected  institution,  situated  in  the  easterly  part  of  Waltham. 
The  Board  (on  April  2)  replied  to  the  application  as  fol- 
lows :  — 

The  following  brooks  flowing  in  or  near  the  estate  of  the  school  and 
the  vallej'S  containing  them  were  examined :  — 

1.  The  brook  which  forms  the  boundary  between  this  estate  and  that 
of  the  Warren  heirs  near  Quince  Street,  and  further  up,  wholly  in  the 
Warren  estate,  a  short  distance  from  your  south-westerly  boundary. 

2.  The  brook  which  flows  southerly  into  the  estate  of  the  school, 
about  three  hundred  feet  easterly  from  the  custodial  ward. 

3.  The  small  brook  nearly  parallel  with,  and  about  two  hundred 
feet  southerly  from,  North  Street. 

AVater  taken  from  the  ground  by  a  well  sunk  near  either  of  these 
brooks  would  probably  be  of  satisfactory  quality,  if  not  polluted  by 
sewage  from  the  institution.  Water  taken  directly  from  the  brooks 
would  not  be  in  any  case  as  satisfactory  in  quality  as  if  taken  from  the 
ground  ;  and  in  the  case  of  brook  No,  2,  the  quality  would  probably  be 
very  unsatisf actor}'  much  of  the  year. 

A  well  located  within  the  school  estate,  near  brook  No.  1,  between 
Quince  Street  and  the  farm-house,  or  outside  of  the  estate,  near  this 
brook,  not  further  up  than  the  present  spring,  would  probably  furnish  a 
sufiicient  quantity  of  water  for  the  whole  institution  throughout  the  year ; 
but  these  localities  are  no  longer  eligible,  as  the  water  would  now  be 
polluted  by  the  effluent  from  the  existing  sewage-disposal  area.  Still 
further  up  this  brook,  bej'ond  the  reach  of  pollution,  or  near  the  other 
brooks,  no  very  favorable  location  for  a  well  was  found.  There  appears, 
however,  to  be  a  fair  jDrospect  that  a  large  well  sunk  beside  brook  No.  1, 
at  some  j^oint  above  the  disposal  area,  or  beside  brook  No.  2,  near  the 
boundary  of  the  schooV  estate,  would  furnish  a  large  quantit}'  of  water, 
if  the  character  of  the  ground  is  favorable.  It  is  probable  that  a  better 
location  for  a  well  near  brook  No.  2  might  be  found  further  up  stream, 
where  the  valley  is  wider.  A  well  near  brook  No.  3  will  not  furnish  a 
large  quantity  of  water,  on  account  of  the  limited  size  of  the  valley 
above  it,  the  somewhat  impervious  character  of  the  ground  in  which  the 
well  would  be  sunk,  and  the  rapid  descent  of  the  valley  below  the  pro- 
posed site  of  the  well. 

In  the  absence  of  information  which  might  be  obtained  by  sinking 
test  wells,  the  Board  is  unable  to  give  more  definite  advice  as  to  the 
quantity  of  water  which  may  be  derived  from  these  sources  ;  and,  while 
there  appears  to  be  no  reason  to  anticipatethat  water  derived  froip  wells 
not  polluted  by  sewage  from  the  institution  will  be  of  objectionable 
quality,  it  will  be  well  to  have  samples  from  the  test  wells  analyzed 
before  deciding  to  obtain  a  sui)ply  from  any  jjarticular  locality-. 

RocKPORT.     Citizens  of  Rockport  having  designated  Cape 

Pond  in  that  town  as  an  appropriate  means  of  supply  for  the 

i< 
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town,  and  having  applied  to  the  Board  (March  18,  1890) 
for  its  advice  relative  to  the  same,  the  Board  replied  as 
follows  :  — 

Boston,  March  26,  1890. 

The  Board  has  caused  samples  of  water  to  be  taken  from  the  pond 
and  has  had  them  submitted  to  chemical  and  mieroscopal  examination. 
The  water  at  the  present  time  is  not  found  by  either  examination  to  be 
of  satisfactory  quality.  It  contained  an  unusually  large  number  of 
organisms,  and  is  therefore,  specially  liable  to  bad  tastes  and  odors,  such 
as  have  affected  many  water  supplies  in  the  State.  It  is  also  shown  by 
analysis  to  contain  a  large  amount  of  ammonia,  which  indicates  the 
presence  of  decaying  matter.  It  is  not  feasible  to  tell  whether  the  water 
at  the  present  time  is  better  or  worse  than  at  other  seasons  of  the  year; 
but,  as  a  rule,  the  quality  of  the  water  of  ponds  is  worse  in  the  summer. 

In  view  of  this  unsatisfactory  condition  of  the  water,  the  Board  cannot 
at  the  present  time  advise  that  this  pond  will  be  a  desirable  source  of 
supply  for  the  town  of  Rockport,  unless  the  water  supplied  is  first 
efficiently  filtered.  If  it  should  be  found  by  subsequent  examinations 
that  the  water  of  this  pond  is  better  at  other  seasons  of  the  year  than  at 
the  present  time,  the  Board  might  have  occasion  to  modify  the  advice 
above  given. 

The  State  Normal  School  at  Framingham.  The 
Board  of  Visitors  of  the  State  jS^ormal  School  at  Framingham 
requested  the  opinion  of  the  Board  (Jan.  5,  1890)  as  to  the 
quality  of  the  drinking  waters  used  at  the  school,  including 
the  water  taken  from  a  well  near  the  Sudbury  River,  and 
delivered  by  means  of  a  windmill  pump,  and  the  waters  of 
certain  wells  upon  the  hill  near  the  school.  To  this  request 
the  Board  replied  as  follows  :  — 

Boston,  Jan.  29,  1890. 

The  waters  of  both  wells  are  well  filtered,  and,  chemically  considered, 
contain  very  little  organic  matter;  but  that  from  the  well  near  Normal 
Hall  has  since  last  July  increased  in  chlorine  from  1.40  parts  per  100,000 
to  3.30  parts,  indicating  that,  unless  salt  has  been  added  to  the  water  in 
some  way  that  would  be  likely  to  be  known  to  your  management,  the 
water  is  now  filtered  from  a  much  greater  proportion  of  sewage  than  it 
was  six  months  ago.     This  water  cannot  be  recommended  for  drinking. 

The  water  taken  from  the  windmill  pump  shows  but  a  slight  increase 
in  chlorine  in  six  months;  viz.,  0.41  parts  to  0,51  parts.  This  increase 
is  so  small  that  it  may  not  indicate  anything,  and  it  may  indicate  the 
beginning  of  the  efi'ect  of  sewage  applied  to  the  sewage-disijosal  field 
above  the  wells.  The  time  is  rather  short  for  an  effect  to  be  produced, 
and,  if  produced,  it  will  be  much  more  marked  in  the  dry  season,  when 
there  is  less  water  in  the  ground,  and  the  well  draws  its  supply  from  a 
larger  area. 
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The  water  from  the  pump  at  the  house  of  the  engineer,  near  the  sew- 
age field,  indicates  some  j)revious  pollution,  Avhich  has  been  well  filtered 
out,  the  chlorine  being  at  0.83  parts. 

On  April  8  the  Board  of  Visitors  requested  information  as 
to  the  quality  of  the  water  furnished  by  the  Framingham 
Water  Company  as  a  source  of  supply  for  the  school,  to 
which  request  the  Board  made  the  following  reply  :  — 

Boston,  April  U,  1890. 
Recent  analyses  of  water  from  the  works  of  the  Framingham  Water 
Company  show  that  its  quality  is  better  than  that  of  the  Boston  supply, 
and  may  properly  be  called  good ;  but  it  was  not  so  good  as  the  water 
from  the  windmill  well  of  the  Framingham  Normal  School  when 
examined  in  January  last.  The  latter,  as  then  stated,  showed  a  slight 
increase  in  chlorine  over  the  analysis  of  the  previous  August,  but  it 
could  not  be  told  whether  this  was  from  sewage  pollution,  or  not.  It 
was  too  soon  to  expect  such  pollution,  and  it  might  come  later.  If  that 
slight  increase  in  chlorine  was  due  to  such  pollution,  it  does  not  indicate 
so  much  pollution  as  the  analyses  of  the  Fi-amingham  water  supply 
The  quality  that  water  from  the  well  and  from  the  Framingham  water 
supply  is  likely  to  have  in  the  near  future,  can  better  be  determined 
when  this  long  wet  period,  which  has  now  extended  over  several  years 
gives  place  to  a  dry  season  ;  and,  if  the  proposition  to  take  Framingham 
water  is  merely  to  replace  that  of  the  windmill  well,  it  would  be  advis- 
able to  wait  a  few  months,  and  then  determine  by  analysis  which  is  the 
better. 

The  Board  of  Visitors  then  (April  18,  1890)  inquired 
whether  a  driven  well  upon  the  hill  near  the  Normal  Hall 
building  would  furnish  a  satisfactory  supply  for  the  school ; 
and  if,  in  the  judgment  of  the  State  Board  of  Health,  it 
would  not  be  likely  to  prove  a  sufficient  supply  of  good 
quality,  the  Board  was  asked  to  state  whether  the  water 
from  the  windmill  well  or  that  of  the  Framingham  Water 
Company  would  be  the  better  for  the  use  of  the  school.  The 
Board  replied  as  follows  :  — 

Boston,  May  6,  1890. 
The  State  Boai'd  of  Health  is  of  opinion  that  the  improbability-  that  a 
suflicient  suj^ply  of  water  can  be  obtained  in  the  hill  near  the  school 
buildings  is  so  great  that  it  would  not  advise  any  expenditure  there  for 
the  i^urpose.  An  analysis  of' water  from  the  windmill  well,  made  in 
April,  1890,  shows  a  slight  increase  in  the  indication'  that  filtered  sewage 
reaches  this  well,  though  it  is  still  bettor  than  the  water  of  the  Framing- 
ham Water  Company.     Before  making  arrangements  for  a  future  supply 
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from  the  latter  company,  the  Board  would  advise  an  investigation  of  an 
independent  gi'ound-water  source  from  lafid  of  the  city  of  Boston  near 
the  Sudbury  Biver,  one  thousand  feet  or  more  above  the  railroad,  and 
one  from  land  of  T.  L.  Barber,  east  of  the  school  and  near  the  pond. 
The  former  sou.rce  would  be  j^referable,  if  the  cost  were  nearly  the 
same.  Estimates  should  be  made  on  woiivs  large  enough  to  supply  all 
the  water  required  for  the  school. 

Plymouth.  The  immediate  neighborhood  of  the  principal 
ponds  used  by  the  town  of  Plymouth  for  domestic  water 
supply  having  become  occupied  by  a  few  residents  as  a  place 
of  resort  during  a  few  weeks  in  the  summer  season,  and 
cottages  having  been  erected  upon  the  shores  of  the  ponds, 
the  AVater  Board  applied  to  the  State  Board  of  Health  for  its 
advice  (Aug.  4,  1890)  as  to  the  best  method  of  protecting 
the  ponds  from  such  pollution  as  appeared  to  be  imminent 
from  certain  cottages  situated  near  the  shore.  The  State 
Board  replied  as  follows  :  — 

Boston,  Sept.  1.5,  1890. 

Privies  located  within  one  hundred  feet  of  high-water  mark  should  be 
dry  earth  closets.  The  essential  features  of  such  a  closet  are  a  movable 
water-tight  receptacle  under  each  seat,  and  the  application  of  about  a 
quart  of  dry  soil  each  time  the  privy  is  used.  The  details  may  be  varied, 
but  satisfactory  results  can  be  obtained  with  the  following  arrange- 
ments :  half  of  an  oil  cask  may  be  used  for  the  water-tight  receptacle, 
and  it  should  be  placed  wholly  aboveground,  preferably  on  a  shelf  about 
the  height  of  a  wheelbarrow,  to  facilitate  removal.  In  the  privy  there 
should  be  a  box  to  hold  two  bushels  of  dry  soil,  and  a  scoop  for  aj^ply- 
ins:  it.  The  seat  should  be  so  arranged  that  it  can  be  lifted  to  avoid 
soiling  it  when  the  earth  is  thrown  in.  If  proper  care  is  exercised,  the 
contents  of  the  receptacle  will  be  inoffensive,  and  may  be  disposed  of  by 
buiying  them  in  the  sand  not  less  than  one  hundred  feet  from  high- 
water  mark. 

Stable  manure  should  not  be  thrown  out  within  one  hundred  feet 
of  the  pond  upon  ground  which  slopes  towards  the  water ;  and,  where 
this  condition  exists  at  present,  the  ground  should  be  regraded  so  that 
polluting  matters  of  this  kind  cannot  be  washed  over  the  surface  into 
the  ponds.  The  manure  piles  should  be  removed  as  often  as  once  a 
month  while  the  stables  are  in  use. 

When  the  season  for  using  the  cottages  is  over,  all  polluting  matter 
at  the  privy  and  stables  should  be  removed  before  freezing  weather. 
Sink  water  and  house  slops  may  be  dischai'ged  into  cesspools,  or  they 
may  be  turned  into  furrows  in  the  ground.  If  the  latter  method  is 
adopted,  the  furrow  in  use  should  be  abandoned  and  filled  with  earth 
whenever  it  becomes  'clogged  so  that  the  water  is  not  readily  absorbed, 
and  the  water  should  be  turned  into  another.  In  any  case  the  disposal 
should  be  effected  as  far  from  the  pond  as  pi-acticable. 
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If  typhoid  fever  or  other  communicable  disease  should  occur  at  any 
house  in  the  vicinity  of  the  ponds,  special  precautions  should  be  taken 
to  disjjose  of  the  infected  wastes,  under  the  direction  of  the  local  board 
of  health. 

In  giving  the  above  advice,  the  Board  has  had  in  mind  the  special 
conditions  affecting  this  case ;  namely,  the  very  short  season  during 
which  cottages  are  occupied,  and  the  favorable  character  of  the  ground 
with  regard  to  filtration. 

Easthampton.  During  the  progress  of  an  epidemic  of 
diphtheria  at  Easthampton,  citizens  of  the  town  and  also  the 
authorities  of  the  town  requested  the  opinion  of  the  Board 
relative  to  the  quality  of  the  public  water  supply  furnished 
to  the  town. 

The  Board  replied  as  follows  :  — 

Boston,  Aug.  21,  1890. 

The  water  of  Williston  Pond  has  been  analyzed  by  the  State  Board  of 
Health  in  each  month  for  two  years.  These  examinations  show  much 
variation  in  quality  at  different  seasons  of  the  year.  These  variations 
are  such  as  are  common  in  similar  shallow  reservoii'S.  The  amount  of 
pollution  entering  the  pond  is  not  unusual ;  but  it  is  sufficient,  with  the 
other  conditions,  to  cause  the  growth  of  algae  and  other  organisms  that 
at  times  give  to  the  water  a  very  unpleasant  taste,  and  thei'efore  render 
it  unfit  for  drinking,  although  it  is  not  known  to  be  contaminated  with 
anything  especially  injurious  to  health.  It  is  not  probable  that  extend- 
ing the  i^ipe  into  the  pond,  as  has  been  proposed,  would  improve  the 
quality  of  the  water  pumped. 

The  water  that  has  been  examined  from  the  new  source  of  supply  on 
the  mountain  side  is  of  much  better  quality  than  that  from  Williston 
Pond  ;  and,  if  this  could  be  made  the  source  of  supply  during  the  seasons 
when  unpleasant  taste  prevails  in  the  water  of  the  pond,  the  year's 
supjjly  would  be  much  less  objectionable. 

Webster.  The  committee  on  water  supply  of  the  town 
of  Webster  applied  to  the  Board  for  its  advice  relative  to  an 
appropriate  source  of  water  supply  for  that  towai,  at  the 
same  time  indicating  certain  ponds  as  being  worthy  of  the 
attention  of  the  Board  for  its  examination. 

The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Nov.  5,  1890. 
The  State  Board  of  Health,  in  response  to  your  ap2)licatiou  of  Sept.  26, 
1890,  has  caused  examinations  to  be  made  in  a  general  way  of  all  sources 
in  the  vicinity  of  Webster,  and  more  particularly  of  Lake  Chaubuna- 
gungamaug  in  Webster,  and  of  Ramshorn  or  Gore  Pond  in  Dudley. 
The  water  from  the  former  source  would  require  pumjung,  wliile  from 
the  latter  source  a  supply  may  be  obtained  by  gravity.    This  advantage, 
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however,  is  probably  more  than  offset  by  the  greater  first  cost  of  works 
for  obtaining  a  supply  from  the  pond. 

Analyses  of  the  water  from  these  two  som'ces  show  that  the  water 
from  the  lake  is  neai'ly  colorless  and  contains  but  a  small  amount  of 
organic  matter,  while  that  from  the  pond  is  highly  colored  and  contains 
much  organic  matter  (mostly  of  vegetable  origin).  Analyses  of  the 
water  of  the  lake  were  made  monthly,  from  June,  1887,  to  May,  1888,  and 
show  that  the  quality  of  water  varied  but  little  from  time  to  time.  This 
fact  and  the  favorable  experience  of  the  town  in  the  use  of  this  water  for 
the  past  nine  years  indicate  that  it  is  less  likely  than  most  surface  waters 
to  be  affected  with  bad  tastes  and  odors. 

The  Board  is  therefore  decidedly  of  the  opinion  that  Lake  Chaubuna- 
gungamaug  is  the  most  appropriate  source  of  supply  for  the  town  of 
Webster.  It  is  also  of  opinion  that  it  is  the  most  appi^opriate  source  of 
supply  for  portions  of  the  town  of  Dudley,  so  that  the  town  of  Webster 
should  not  acquire  exclusive  rights  to  the  waters  of  this  lake. 

Manchester.  The  committee  on  water  supply  of  the 
town  of  Manchester  requested  the  advice  of  the  Board  rela- 
tive to  a  proposed  supply  of  water  from  the  ground  in  the 
valley  of  Sawmill  Brook  in  that  town,  to  be  pumped  to  a 
covered  stand-pipe  for  distribution.  The  Board  replied  as 
follows  :  — 

Boston,  Nov.  8,  1890. 

In  response  to  your  application  of  October  15  for  advice  in  regard  to 
a  proposed  water  supply  for  the  town  of  Manchester,  the  State  Board  of 
Health  has  considered  two  sources,  One  source  is  in  the  valley  of 
Sawmill  Brook  above  the  village,  where,  to  obtain  a  satisfactory  supply, 
it  would  be  necessary  to  take  the  water  from  the  ground ;  the  other  is 
Gravel!}^  Pond,  where  a  supply  of  excellent  surface  water  can  probably 
be  obtained.  A  good  gi'ound  water  is  to  be  preferred  to  a  good  surface 
water,  as  it  contains  none  of  the  minute  organisms  which  grow  in  the 
latter  and  are  liable  at  times  to  give  the  water  a  bad  taste  and  odor.  In 
the  jDreseut  case  the  well  cannot  be  located  so  far  from  habitations  that 
some  of  the  nitrogenous  products  from  them  and  from  manured  fields 
will  not  reach  it.  The  analysis  of  the  water  from  the  flowing  test  well, 
however,  shows  that  all  of  the  organic  matter  has  been  oxidized  before 
reaching  it;  and,  if  the  permanent  well  is  placed  further  up  stream,  so 
as  to  be  as  far  from  habitations  as  practicable,  there  is  no  reason  to 
doubt  that  the  water  will  remain  as  satisfactory  in  quality  as  that  from 
Gravelly  Pond. 

With  regard  to  the  quantity  of  water  to  be  obtained  from  a  well  or 
wells  in  the  valley  of  Sawmill  Brook,  the  investigations  made  up  to  the 
present  time  do  not  furnish  results  upon  which  definite  conclusions  can 
be  based ;  but,  from  these  investigations  and  an  examination  of  the 
surrounding  territory,  the  probability  of  obtaining  a  suflicient  supply 
from  this  source  is  so  great  as  to  make  it  undesirable  to  go  to  the  greater 
expense  of  obtaining  water  from  Gravelly  Pond. 
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If  a  supply  taken  from  the  ground  should  prove  insufficient,  it  can  be 
supplemented  by  water  taken  from  Sawmill  Brook,  and  filtered  by  means 
of  suitable  works  so  as  to  make  it  of  satisfactory  quality.  The  volume 
of  water  flowing  in  the  brook  will  at  all  or  very  nearly  all  times  be 
sufficient  for  the  sup^jly  of  the  town. 

Sewerage  and  Sewage  Disposal. 

The  following  cases  related  to  sewerage  and  sewage  dis- 
posal :  — 

QuiNCY.  The  mayor  of  Quincy  applied  to  the  Board  for 
its  advice  (June  11,  1890),  relative  to  a  system  of  sewer- 
age and  sewage  disposal.  The  Board  made  the  following- 
reply  :  — 

Boston,  Feb.  19,  1890. 

The  Board,  in  1888,  considered  the  question  of  the  sewerage  of  Quincy 
when  the  plan  proposed  by  Mr.  E.  C.  Clarke  was  presented  to  it,  and  on 
July  6,  1888,  sent  a  reply  to  the  town,  giving  its  advice  regarding  the 
outlets  for  the  territory  then  under  consideration.  It  also  stated,  in 
response  to  a  request  for  advice  with  regard  to  the  disposal  of  the 
sewage  at  the  end  of  Hough's  JSTeek,  that  it  did  not  advise  this  i^lan  of 
disposal.  The  reason  of  such  advice  was  that,  in  the  judgment  of  the 
Board,  the  other  outlets  would  for  many  years  serve  the  portions  of  the 
city  under  consideration,  without  prejudice  to  its  sanitary  condition,  at 
much  less  cost.  For  the  distant  future,  bej'ond  the  time  for  which 
sewerage  systems  are  usually  designed  for  cities  of  fourteen  thousand 
inhabitants,  the  disposal  of  the  sewage  of  this  city  into  deep  water  off 
Nut  Island  would  be  eminently  satisfactory,  and  this  is  ijrobably  the 
best  site  that  can  be  selected'  The  outlet  into  deep  water  oflf  Gull 
Point  will  dispose  of  the  sewage  so  thoroughly  that  the  probability  of 
any  harm  resulting  from  it  would  be  extremely  remote. 

Either  of  these  outlets  is  preferable,  in  its  distance  from  the  city,  to 
the  nearer  outlets  previously  considered.  The_advantage  of  the  nearer 
outlets  is  in  their  less  cost ;  and,  in  considering  their  relative  advantages 
in  relation  to  the  financial  resources  of  the  city,  it  should  be  considered 
that  forty  years  hence  the  populatioii  of  the  city  may  be  such  that  it  may 
then  be  advis:ible  on  sanitary  grounds  to  move  the  neai'er  outlets  to  one 
of  the  more  distant  localities.  The  question  of  choice  is  resolved  into  a 
financial  one,  involving  the  resources  and  probable  growth  of  the  city. 
The  system  of  disjDOsal  now  proposed  is  intended  to  serve  for  a  large 
city.  It  now  includes  West  Quincy,  which  was  not  included  in  the  former 
system  ;  and,  before  it  is  adopted,  a  study  should  be  made  of  the  method 
by  which  other  outlying  districts  of  the  future  city  can  be  served  ;  and, 
before  the  main  system  of  sewerage  within  the  city  and  the  position  of 
the  main  pumping  system  is  finally  determined,  the  Board  would  advise 
that  a  more  thorough  study  shou.ld  be  made  of  the  best  way  to  dispose 
of  the  sewage  of  Atlantic,  North  WoUaston,  and  the  laud  between 
Wollaston  and  Quincy  Bay. 
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PiTTSFiELD.  The  committee  on  sewerage  of  the  Pitts- 
field  fire  district,  on  Jan.  27,  1890,  presented  to  the  Board  a 
revised  plan  of  sewerage  and  sewage  disposal,  and  requested 
the  advice  of  the  Board  upon  the  same. 

To  this  application  the  Board  replied  as  follows  :  — 

Boston,  April  1,  1890. 

In  revising  this  plan  the  suggestions  contained  in  the  reply  of  this 
Board  to  you,  dated  Dec.  13,  1889,  have  been  followed,  in  part,  by  the 
abandoning  of  the  high-level  main  sewers,  the  storage  tanks  and  the 
pumping  stations  at  Van  Siclsler's  and  Pomeroy's  mills,  and  by  extending 
the  main  sewers  to  a  pumping  station  located  not  far  from  the  conHuence 
of  the  east  and  west  branches  of  the  river.  These  changes  overcome  the 
objections  made  to  the  former  plan  from  a  sanitary  ]3oint  of  view. 

In  regard  to  the  sizes  of  the  main  sewers  on  the  two  sides  of  the  dis- 
trict, the  suggestions  of  the  Board  in  its  reply  to  you  have  not  been 
followed,  the  revised  plan  showing  sewers  that  have  many  times  the 
capacity  of  those  suggested  by  the  Board.  As  this  difference  in  size  is 
one  which  affects  to  a  vei-y  large  extent  the  cost  of  the  system  of  sewers, 
the  consulting  and  chief  engineer  of  the  Board  was  requested  to  recon- 
sider this  feature ;  and  they  are  of  opinion  that  sewers  of  the  sizes 
suggested  by  the  Board  will  be  able  to  convey  all  of  the  house  sewage, 
such  portion  of  the  manufacturing  waste  as  cannot  be  safely  turned  into 
the  river,  and  so  much  of  the  ground  water  as  cannot  be  kept  out  of  the 
sewers  by  jiroper  design  and  construction.  In  reaching  this  opinion, 
thej'  have  given  due  consideration  to  the  probable  future  jDopulation  of 
the  town,  and  have  kept  in  mind  the  fact  that  the  plan  provides  for  the 
pumping  and  purification  of  the  sewage.  In  view  of  these  opinions, 
the  Board  is  unable  to  advise  the  adoption  of  the  revised  plan  submitted 
Jan.  27,  1890. 

Estimates  of  the  cost  of  the  sewers  shown  on  the  revised  plan,  and  of 
those  shown  on  the  former  jjlan,  have  been  presented  by  your  engineer. 
The  relative  costs  of  the  sewers  shown  on  these  two  plans  are  very 
different  from  what  they  would  be  if  the  main  sewers  had  been  designed 
•  in  accordance  with  the  suggestions  of  the  Board.  To  obtain  the  relative 
cost  of  the  two  schemes  of  sewerage,  it  is  also  necessary  to  include  the 
cost  of  pumping  stations,  storage  tanks,  force  mains,  probable  ledge 
work  and  land  damages,  the  cost  of  preparing  filtration  areas,  and  the 
yearly  cost  of  maintaining  the  works,  all  of  which  differ  materially 
in  the  two  plans.  In  view  of  these  omissions,  and  the  unsatisfactory 
bases  for  estimating  the  cost  of  the  main  sewers,  tlie  estimates  submitted 
do  not  add  to  the  information  in  possession  of  the  Board  regarding  the 
relative  costs  of  the  two  methods  of  disposing  of  the  sewage ;  and  it 
therefore  has  no  reason  to  modify  its  ojiinion  regarding  relativ'fe.  costs, 
as  expressed  in  its  reply  to  you  dated  Dec.  13,  1889. 

At  a  conference  between  the  engineers  of  the  Board  and  your  engineer, 
reference  was  made  to  the  first  plan  presented  by  you,  upon  which  this 
Board  reported  on  Dec.  13,  1889 ;  and  your  engineer  stated  that  the 
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high-level  sewer,  as  therein  designed,  would  ^jrovide  for  between  two- 
thirds  and  three-fourths  of  the  house  sewage,  including  the  jail,  that 
now  finds  its  way  into  the  river  within  the  limits  of  the  fire  district,  and 
that  it  was  not  the  intention  to  recommend  the  building  of  low-level 
sewers  at  the  present  time ;  but,  if  any  portion  of  the  laterals  of  the 
low-level  s\'stem  are  put  in,  they  would  debouch  into  the  river  at  some 
point  most  convenient  to  themselves,  or  connect  with  sewers  now  exist- 
ing; and  it  is  not  expected  to  furnish  pumps  or  force  mains  at  the 
present  time,  nor  until  the  growth  of  the  distinct  served  by  the  low-level 
sewers  should  produce  a  volume  of  sewage  as  great  as  is  now  discharged 
into  the  river.  Should  this  recommendation  be  adopted,  the  Board 
would  advise  that  domestic  sewage  and  objectionable  manufacturing 
wastes  should  not  be  turned  into  the  river  above  the  lowest  of  the  mill 
dams  in  Pittsfield. 

A  modified  plan  was  presented  to  the  Board  May  6, 
1890,  to  which  the  following  reply  was  made  :  —- 

Boston,  May  12,  1890. 
The  objections  made  by  the  Board,  in  reply  to  the  committee  on  sew- 
erage of  the  Pittsfield  fire  district,  dated  April  1,  1890,  to  the  plan  then 
under  consideration,  related  to  the  sizes  of  the  main  sewers.  These 
objections  have  been  removed  in  the  plan  now  before  us,  and  the  Board 
advises  that  the  main  features  of  the  plan  of  sewers,  as  now  presented, 
form  a  satisfactory  part  of  a  system  of  sewage  disposal  for  the  town 
of  Pittsfield. 

Gloucester.  The  mayor  of  Gloucester  presented  to  the 
Board  a  plan  of  sewage  disposal,  involving  the  discharge  of 
the  sewage  of  the  city  into  the  sea  by  several  outlets,  and 
requested  the  advice  of  the  Board  thereon.  To  this  applica- 
tion the  Board  replied  as  follows  :  — 

Boston,  March  25,  1890. 

The  State  Board  of  Health  has  considered  the  plan  for  the  sewerage 
of  Gloucester,  presented  by  you  on  Jan.  28,  1890,  and  has  had  the 
locality  examined  by  its  chief  engineer. 

The  problem  presented  is  a  difiicult  one  to  solve,  and  the  plan  pre 
sented,  though  not  without  objectionable  features,  overcomes  the  main 
difficulties  in  such  a  way  that  tlie  Board  is  unable  to  advise  a  better 
general  way  to  dispose  of  the  sewage  of  the  parts  of  the  city  included 
in  the  plan. 

The  main  outlet  is  to  be  carried  to  a  little  beyond  low-water  mark. 
This  will  require  woi'ks  of  a  very  substantial  character ;  but  the  dis- 
charge of  sewage  at  any  point  short  of  this  should  be  strong  ground  for 
objection  by  the  property  holders  in  that  localit}'. 

The  outlet  sewer  from  District  No.  2  should  be  carried  as  far  beyond 
low-water  mark  as  practicable.     The  outlet  from  District  Xo.  3  is  not  in 
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a  satisfactory  place.  Your  engineer  stated  that  this  outlet  might  be. 
extended  along  the  northerly  shore  of  Wonson's  Cove  to  a  point  of 
land  beyond  the  mouth  of  the  cove.  This  modified  location  would  be 
permissible,  but  it  would  be  more  satisfactory  to  carry  the  outlet  to 
low-water  mark,  if  it  can  be  done. 

Westborough.  The  committee  on  sewerage  of  the  town 
of  Westborough  presented  to  the  Board,  on  Feb.  3,  1890,  a 
plan  of  sewage  disposal  providing  for  filtration  of  the  sew- 
age in  land  near  the  Assabet  River,  and  requested  the  advice 
of  the  Board  thereon.     The  Board  replied  as  follows  :  — 

Apeil  12,  1890. 
The  State  Board  of  Health  has  considered  the  plan  presented  by  you 
for  the  disposal  of  the  sewage  of  the  main  village  of  Westborough  by 
filtration  upon  land  near  the  Assabet  River,  and  has  caused  examina- 
tions to  be  made,  by  its  engineer,  of  this  and  alternative  methods  for 
the  disposal  of  the  sewage  of  the  town.  From  his  report,  the  Board 
concludes  that  the  plan  presented,  which  is  substantially  the  same  as 
that  proposed  by  the  Massacliusetts  Drainage  Commission,  is  the  best 
one  for  adoption. 

Revere.  In  the  report  of  the  State  Board  of  Health  to 
the  Legislature  for  the  year  1889  (Senate  Document  No.  4, 
1890,  page  54),  it  w^as  stated  that  the  town  of  Revere, 
through  its  sewerage  committee,  had  submitted  to  the  Board 
a  plan  of  sewerage  and  sewage  disposal.  The  application 
was  received  near  the  close  of  the  legislative  session  of  1889, 
and  the  subsequent  adverse  action  of  the  town  rendered  the 
proposed  action  of  the  State  Board  unnecessary. 

On  Feb.  14,  1890,  another  application  was  presented  to  the 
Board  for  its  advice,  signed  by  a  committee  consisting  of 
eighteen  citizens  of  Revere.  This  application  was  accom- 
panied with  the  plan,  which  had  been  presented  in  May  of 
the  previous  year.  To  this  application  the  Board  replied  as 
follows  :  — 

Boston,  Feb.  18, 1890. 
Your  application  for  advice  under  chapter  375  of  the  Acts  of  1888 
was  received  on  Feb.  17,  1890.  It  states  that  you  have  petitioned  the 
Legislature  for  an  act  enabling  the  town  to  construct  and  maintain 
a  system  of  sewerage  and  sewage  disposal,  and  to  raise  mone}'  there- 
for ;  and  that,  although  you  have  not  decided  upon  any  system  of  sew- 
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erage,  your  application  is  accompanied  by  a  report  of  the  sewerage 
committee  of  the  town,  made  in  May,  1889,,  with  a  plan  of  one  method 
of  disposing  of  the  sewage.  This  report  was  received  by  the  Board  at 
the  time  of  its  publication,  and  received  some  consideration  ;  but  subse- 
quent action  of  the  town  rendered  fui'ther  examination  then  unnec- 
essary. In  the  short  time  in  which  you  desire  a  response  to  present  to 
the  present  Legislature,  it  will  be  impracticable  for  this  Board  to  make 
the  necessary  investigations  to  advise  as  to  the  best  practicable  method 
of  disposing  of  the  sewage  of  Eevere. 

The  Board,  in  making  report  to  the  Legislature  upon  the  sewerage  of 
the  Mystic  and  Charles  River  Valleys,  considered  the  subject  suflS.- 
ciently  to  see  that  an  outlet  sewer  for  the  sewage  of  Revere  could  be 
built  to  the  general  Metropolitan  sewerage  system  by  an  additional 
expenditure  of  $86,000  (Senate  Document  ISTo.  2,  January,  1889,  page  32)  ; 
but,  as  the  town  was  not  in  the  Mystic  Valley,  its  case  was  not  sufR- 
ciently  investigated  to  warrant  an  opinion  as  to  whether  it  would  be 
for  its  interests  to  join  the  general  system,  or  not.  This  will  depend 
upon  the  future  growth  of  Revere,  and  upon  whether  currents  can  be 
found  that  will  carry  the  sewage  out  to  sea  without  injury  to  the 
beaches.  It  is  probable  that  a  location  for  the  outlet  can  be  found  that 
will  allow  of  the  discharge  of  the  present  small  quantity  of  sewage  at 
certain  times  of  the  tide,  with  no  injury  to  the  beaches. 

Should  the  quantity  of  sewage  increase  by  the  growth  of  the  town  to 
such  an  extent  that  its  discharge  becomes  objectionable,  it  may  become 
advisable  to  then  pump  it  over  into  the  Metropolitan  outlet  sewer.  In 
designing  the  works,  the  Board  would  advise  you  to  have  this  alterna- 
tive in  view,  in  order  that  as  little  change  as  practicable  may  be  neces- 
sary to  make  this  disposal,  if  it  should  ever  become  necessary. 

There  can  be  no  question  that  Revere,  with  its  public  water  supply, 
should  shortly  be  provided  with  a  system  of  sewerage ;  and,  with  the 
proper  precautions  in  selecting  an  outlet  and  with  the  above  alternative 
made  obligatory,  if  it  ever  becomes  necessary,  the  Boai'd  sees  no  reason 
why  the  interests  of  all  parties  may  not  be  advanced  by  legislative 
authority. 


Lexington.  The  committee  on  sewerage  of  the  town  of 
Lexington  submitted  to  the  Board  an  application  for  its 
advice  (April  18,  1890),  upon  a  plan  of  sewerage  and  sew- 
age disposal  for  the  town,  the  essential  features  of  which 
involved  the  discharge  of  sewage  "into  two  brooks  ;  one  flow- 
ing around  the  west  side  of  the  Arlington  reservoir,  thence 
passing  through  the  east  side  of  Arlington,  to  receive  the 
sewage  of  East  Lexington,  until  such  time  when,  by  way  of 
the  Arlington  sewers,  it  shall  pass  into  the  Metropolitan 
system  of  sewerage  ;  the  rest  of  the  sewage  coming  from  the 
main  part  of  Lexington,  to  be  discharged  into  Vine  Brook, 
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below  or  near  Hayes'  farm."     To  this  application  the  Board 
replied  as  follows  :  — 

Boston,  May  6,  1890. 

In  response  to  your  application  of  April  18,  1890,  for  advice  as  to  the 
most  feasible  and  economical  mode  of  disposing  of  the  sewage  of  the 
town  of  Lexington,  the  State  Board  of  Health  has  had  such  general 
examinations  made  as  to  enable  advice  to  be  given  upon  preliminary 
points  and  to  jDoint  out  a  way  for  further  examination  by  the  town. 

The  Board  would  not  advise  the  discharge  of  the  crude  sewage  of 
Lexington  Centre  into  Vine  Brook,  nor  that  of  East  Lexington  into 
Sickle  Brook. 

The  best  method  of  disposing  of  the  sewage  of  Lexington  Centre  is 
to  construct  sewers,  from  which  storm  water  is  excluded,  to  convey  the 
sewage  down  the  valley  of  Vine  Brook  to  such  a  distance  that  the 
sewage  can  be  discharged  by  gravity  upon  a  sufficient  area  of  porous 
land,  and  there  be  filtered  before  entering  the  brook.  Probably  five 
acres  would  answer  at  present,  but  ten  acres  would  be  desired  for  future 
use.  The  trotting  park  area  could  be  made  to  serve  the  purpose  by 
deep  drainage ;  but  the  town  had  better  have  other  areas  examined,  to 
see  if  one  cannot  be  found  capable  of  being  prepared  at  less  expense. 

For  East  Lexington  it  is  probable  that  the  best  method  in  the  future 
will  be  to  connect  with  the  Metropolitan  system.  If  this  will  delay  the 
constT-uction  of  a  sewerage  system  too  long,  the  town  should  endeavor  to 
find  some  suitable  land  in  the  valley  of  Sickle  Brook  upon  which  to 
filter  the  sewage  ;  failing  in  this,  a  temporary  method  of  clarification  by 
chemical  precipitation  should  be  considered. 

Whitman.  The  selectmen  of  Whitman  submitted  to  the 
Board  an  application  for  its  advice  (April  26,  1890),  rela- 
tive to  a  plan  of  sewerage  and  sewage  disposal  for  the  cen- 
tral portion  of  the  town,  in  which  it  was  proposed  "to 
adopt  a  combined  system  of  sewers  .  .  .  to  be  turned 
directly  into  the  stream  below  the  factory  of  Dunbar,  Hobart 
&  Co.  ;  and,  should  this  in  time  create  a  nuisance,  it  is  pro- 
posed to  utilize  a  tract  of  land  north  of  the  Old  Colony 
Railroad."  To  this  application  the  Board  made  the  follow- 
ing reply  :  — 

Boston,  May  7,  1890. 
Neither  the  whole  of  the  sewage  ©f  Whitman,  nor  such  a  part  of  it  as 
could  be  turned  into  the  sewers  shown  on  the  plan  submitted,  could  be 
discharged  directly  into  the  stream  below  the  factorj'  of  Dunbar,  Hobart 
&  Co.,  without  making  the  stream  offensive  at  times  of  low  flow ;  and  it 
is  not,  therefore,  advisable  to  adopt  this  method  of  disposal.  The  filtra- 
tion area  shown  upon  the  plan  submitted  is  not  composed  of  sufficiently 
pervious  material,  or  high  enough  above  the  water  in  the  brook  to  dis- 
pose of  the  sewage  in  a  satisfactory  manner. 
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The  Board  would  advise  the  town  to  make  further  examinations,  for 
the  purpose  of  selecting  a  more  suitable  area  for  the  filtration  of  the 
sewage  of  the  town ;  and  to  have  a  system  of  sewers  designed  in  which 
the  sewage  is  kept  separate  from  the  storm  water.  The  sewage  should 
be  eonvej'ed  in  small  pipes  to  the  filtration  area  and  the  storm  water  in 
larger  drains  to  the  brook.  It  will  genei-ally  be  advisable  to  place  the 
storm-water  drains  lower  than  the  sewage  pipes,  so  that  the  ground 
water  will  be  intercepted  by  the  former,  and  thus  keep  the  volume  of 
sewage  to  be  purified  as  small  as  possible, 

QuixcY.  The  committee  on  sewers  and  drains" of  the  city 
of  Quincy  (May  9,  1890)  requested  a  conference  with  the 
Board,  relative  to  the  sewage  disposal  of  the  city.  A  hear- 
ing was  held  June  3,  1890,  at  which  it  appeared  that  the 
Nut  Island  location,  as  a  place  for  the  sewage  discharge  of 
the  city,  was  satisfactory  to  the  city  authorities.  No  further 
reply  by  the  Board  was  deemed  necessary. 

Orange.  A  committee  of  the  town  of  Erving,  and  also 
the  inhabitants  of  other  towns  situated  upon  Miller's  River 
below  the  town  of  Orange,  requested  that  the  Board  would 
give  a  "  full  investigation"  to  the  question  of  the  proposed 
discharge  of  the  sewage  of  the  town  of  Orange  into  Miller's 
River.  A  hearing  was  held  at  the  office  of  the  Board,  July 
1,  1890,  at  which  the  towns  of  Orange,  Erving  and  Wendell, 
as  well  as  certain  manufacturing  corporations  upon  Miller's 
River,  were  fully  represented.  On  August  5,  the  Hoard 
sent  the  following  reply  to  the  authorities  of  the  towns  in 
whose  interest  the  hearing  was  held  :  — 

Boston,  Aug.  5,  1890. 

The  State  Board  of  Health  has  given  a  hearing  to  the  inhabitants  of 
Erving  and  others,  living  upon  the  borders  of  Miller's  River  below 
Orange,  in  regard  to  the  proposed  discharge  of  the  crude  sewage  of 
Orange  into  the  river.  The  Board  has  also  had  examinations  made  of 
the  river,  to  determine  the  quantity  of  water  that  is  likely  to  flow 
therein  in  dry  weather,  and  the  probable  effect  upon  the  health  of  the 
communities  if  it  is  allowed  to  receive  sewage. 

The  amount  of  sewage  that  can,  with  the  present  population  of 
Orange,  be  turned  into  the  river,  would  under  ordinary  circumstances 
be  so  small  in  amount  compared  with  the  quantity  of  water  flowing  in 
the  river  in  summer  that  it  could  have  no  effect  on  the  health  of  people 
living  on  the  borders  of  the  river.  The  exceptional  condition  that 
would  in  this  case  render  harm  probable  is  the  custom,  maintained  at 
some  of  the  mills  below  Orange,  of  drawing  the  water  at  night  below 
the  top  of  their  dams,  and  thus  exposing  flat  areas  that  are  covered 
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with  water  during  the  day.  This  practice  will  render  a  less  degree  of 
pollution  objectionable  on  this  stream  than  vvovxld  otherwise  be  allow- 
able. But,  as  the  pollution  of  this  stream  after  the  sewage  of  Orange 
enters  it  will  not,  for  a  number  of  years,  be  as  great  for  each  gallon  of 
water  that  flows  in  the  summer  as  the  pollution  of  some  streams  used 
for  drinking,  the  State  Board  of  Health  has  not  thought  it  necessary  to 
advise  the  town  of  Orange  to  purify  its  sewage  at  present,  in  order  to 
protect  the  health  of  the  people  living  near  the  river ;  but  it  lias 
advised  the  town  to  so  construct  its  system  of  sewerage  that  it  can, 
with  the  least  cost,  introduce  a  method  of  j^urification  whenever  the 
degree  of  pollution  from  all  causes  may  threaten  the  public  health. 

WiNTHROP.  The  Board  of  Health  of  Winthrop  applied 
to  the  Board  (May  23,  1890)  for  its  advice  relative  to  the 
removal  of  certain  deposits  of  oifensive  matter  upon  the  flats 
in  the  cove  between  the  main  portion  of  the  town  and  Point 
Shirley.    To  this  application  the  Board  replied  as  follows  :  — 

Boston,  July  1,  1S90. 

The  State  Board  of  Health  has,  in  resi^onse  to  your  application  of  May 
23,  had  examinations  made  of  certain  deposits  of  offensive  matter  in  the 
cove  between  the  old  portion  of  the  town  and  Point  Shirley.  These 
deposits  are  found  to  be  in  the  vicinity  of  and  inside  of  the  trestle  built 
two  years  ago  by  the  Boston,  Winthrop  &  Shore  Railroad,  the  worst 
portion  being  near  the  westerly  end  of  the  trestle.  The  deposits  are 
about  eight  inches  deep,  and  extend  over  about  two  acres.  They  are 
masses  of  soft,  very  dark-green,  offensive  matter,  covered  in  places  wdth 
a  light-colored  deposit  of  sulphur.  About  one-eighth  of  the  mass 
appears  to  be  organic  matter,  a  part  of  which  is  growing  and  a  part 
decaying.  The  latter,  reducing  the  sulphates  from  the  sea  water,  pro- 
duces the  offensive  odor  of  sulphuretted  hydrogen. 

The  Board  has  not  yet  been  able  to  trace  the  source  of  this  oi'ganic 
matter,  and  is  unable  to  recommend  any  means  of  overcoming  its  offen- 
siveness  while  it  remains.  The  Board  therefore  advises  you  to  treat  it 
as  any  other  mass  of  accumulated  tilth,  —  that  is,  to  gather  it  up,  and 
take  it  out  to  sea. 

Winthrop.  The  selectmen  of  Winthrop  applied  to  the 
State  Board  of  Health  for  its  advice  and  recommendation 
with  reference  to  a  proposed  addition  to  its  sewerage  sj^s- 
tem,  consisting  of  a  branch  sewer  connecting  with  the  main 
sewer  near  Cross  Street  in  Winthrop.  To  this  application 
the  Board  replied  as  follows  :  — 

Boston,  June  9,  1890. 
In  reply  to  your  application  of  June  2,  1890,  relative  to  a  proposed 
sewer  in  the  town  of  Winthrop,  intended  to  be  located  between  Summit 
Avenue   and  Locust  Street,  and  to    connect  with  the  present   sewer- 
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age  system  at  a  point  in  Locust  Street  near  Cross  Street  (as  sliown 
in  accompanying  plan),  I  am  authorized  to  state  that  the  aforesaid 
addition  to  the  present  system  is  approved  by  this  Board. 

Framingham.  In  the  course  of  construction  of  the  sys- 
tem of  sewerage  for  the  town  of  Framingham,  an  underdrain 
had  been  built,  the  etfect  of  which  was  to  "  lower  the  water- 
table  of  the  area  reached  by  said  underdrain,  and  to  decrease 
the  amount  of  water  in  the  sewage  to  be  pumped."  The 
city  of  Boston  demanded  that  the  underdrain  should  be 
closed,  and  the  discharge  from  it  stopped  ;  alleging  that  it 
was  a  menace  to  the  city,  since  the  discharge  from  the  under- 
drain was  within  the  watershed  of  Lake  Cochituate,  one  of 
the  water  supplies  of  Boston.  The  selectmen  of  Framing- 
ham therefore  applied  to  the  State  Board  of  Health  (May  26, 
1890)  for  their  advice  upon  the  question  "  whether,  consid- 
ering all  the  circumstances,  and  the  quality  of  the  water 
running  from  said  underdrain,  the  discharge  from  said  under- 
drain should  be  stopped  by  the  town."  The  Board  replied 
to  the  authorities  of  Framingham  as  follows  :  — 

Boston,  Sept.  2,  1890. 

The  State  Board  of  Health  has  had  in  careful  consideration  your 
application  for  advice  of  May  6,  1890,  concerning  the  discontinuance  of 
an  underdrain  which  was  built  beneath  the  main  sewer,  which  under- 
drain discharges  into  Lake  Cochituate,  a  source  of  Boston's  water  sup- 
laly.  Upon  examination  of  the  app1.-oval  by  this  Board,  dated  May  13, 
1888,  to  which  you  refer,  you  will  see  it  was  limited  to  the  pi-oposed 
system  of  sewage  disposal  and  the  location  of  the  field,  and  did  not 
include  this  underdrain  for  the  lowering  of  the  ground  water  of  the 
village.  There  is,  however,  no  question  in  the  minds  of  the  Board  that 
the  lowering  of  the  ground  water  through  the  village  is  a  result  very 
desirable  to  be  attained: 

That  the  character  of  the  ground  water  might  be  known  before  any 
sewage  was  turned  into  the  sewer,  this  Board  had  a  sample  of  the  water 
coming  from  the  drain,  on  Oct.  22,  1889,  analyzed;  and  in  every  month 
since  January,  1890,  one  or  moi'e  similar  samples  have  been  analyzed, 
Avith  the  general  result  that  the  water  coming  from  the  drain  is  no 
worse  since  sewage  was  put  into  the  sewer  than  previously,  showing 
that  sewage  does  not,  up  to  the  present  time,  leak  directly  from  the 
sewer  into  the  drain.  The  water  coming  out  of  the  drain  contains 
about  half  as  much  chlorine  as  ordinary  sewage,  and  five  per  cent,  as 
much  free  ammonia  and  one  per  cent,  as  nuich  albuminoid  ammonia. 
Its  nitrates  and  nitrites  are  high.  These  all  indicate  tliat  the  soiu'ce  of 
this  water  is  sewage-polluted  ground,  and  probably  drainage  from  cess- 
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pools.  As  the  sewag-e  of  the  town  is  more  genei'ally  turned  into  the 
sewers,  and  cesspools  are  cleaned  out  and  abandoned,  it  is  probable 
that  the  water  of  the!  underdrain  will  improve  in  quality  from  year  to 
year,  if  there  occurs  no  leakage  from  the  sewer  to  the  underdrain. 

To  determine  the  changes  that  take  place  in  the  water  of  the  drain 
before  it  reaches  the  conduit  of  the  Boston  water  works,  samples  of 
water  were,  on  Aug.  8,  1890,  collected  from  six  points,  as  follows  :  — 

No.  1.     From  underdrain  outlet. 

No.  2.     From  Bearer  Dam  Brook,  above  the  outlet  of  the  drain. 

No.  3.  From  the  brook  three  hundred  feet  below  the  outlet.  Here 
the  quality  of  the  water  was  what  would  be  expected  from  a  mixture 
of  No.  1  and  No.  2  in  their  respective  quantities. 

No.  4.  From  Mill  Street  crossing,  a  mile  below  the  outlet.  Here  the 
nitrates  and  chlorine  showed  no  change  from  No.  3,  except  a  ten  per 
cent,  dilution  ;  but  the  free  amonia  had  been  reduced  b\'  plant  growth 
from  0.0236  jDarts  per  100,000  to  0.0016  parts,  and  albuminoid  ammonia 
had  increased  from  0.0102  parts  to  0.0152  parts. 

No.  5.  From  one-third  of  a  mile  below  Mill  Street,  at  the  crossing  of 
the  Albany  Railroad.  This  distance  is  through  a  broad,  sluggish  section 
of  the  stream,  in  which  are  many  water  plants.  Here  the  chlorine  is 
three-quarters  that  of  No.  4,  but  the  nitrates  have  been  taken  up  by  the 
vegetable  growth,  and  reduced  from  0.2000  j)arts  to  0.0200  parts.  The 
free  ammonia  has  been  slightly  increased  from  0.0016  parts  to  0.0024 
parts,  bvit  the  albuminoid  ammonia  has  increased  from  0  0152  parts  to 
0.0752  parts. 

The  sixth  sample,  taken  four  hundred  feet  below,  did  not  differ 
materially  from  the  fifth. 

In  flowing  from  the  outlet  of  the  drain  to  the  lake,  there  is  an  entire 
change  in  the  chemical  constituents  of  the  impurities  of  the  water ;  the 
nitrates  and  free  ammonia  are  appropriated  by  the  organisms,  which  in 
turn  produce  albuminoid  ammonia,  ^o  that  we  can  well  say  that  little  if 
any  of  the  organic  matter  discharged  by  the  drain  reaches  the  lake ;  but 
the  organic  and  mineral  matter  from  the  drain  serves  as  food  for  a  new 
class  of  organisms,  some  of  which  are  objectionable.  The  only  organism 
found  by  the  microscope  in  the  water  discharged  by  the  drain  is  Cre- 
nothrix.  This  all  disappears,  perhaps  in  j^art  by  settling  to  the  bottom, 
before  reaching  the  lake ;  but  at  Station  5  we  find,  in  100  cubic  centi- 
meters of  the  water,  46,000  Anabaena,  179,000  Synedra;  266,000 
Zoospores,  many  other  organisms  in  smaller  numbers,  and  an  abund- 
ance of  microscopic  animal  life.  It  is  probable  that  these  organisms 
are  increased  in  quantity,  near  the  outlet  of  this  brook,  by  receiving 
food  from  the  underdrain ;  and,  as  some  of  these  organisms  are  of  the 
kinds  that  cause  unpleasant  taste  and  odor  in  Boston's  water,  their 
growth  is  objectionable. 

The  more  intimate  and  direct  connection  made  by  the  underdrain 
between  cesspools  and  sewage-soaked  ground  in  Framingham  and  Lake 
Cochituate  would  probably  increase  the  risk  of  disease-producing 
bacteria  being  conveyed  to  Boston's  water.  Enough  is  not  known  upon 
this  subject  to  enable  a  sure  conclusion  to  be  made ;  but,  if  disease 
germs  would  survive  the  passage  by  this  more  direct  route,  when  they 
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would  not  survive  the  much  longer  course  of  soaking  through  the 
ground  to  the  nearest  brook,  the  results  may  be  of  so  much  consequence 
that  it  would  not  be  safe  to  conclude,  in  the  present  state  of  knowledge, 
that  such  communication  as  the  underdrain  gives  is  not  a  menace  to  the 
healthfulness  of  Boston's  water,  which  that  city  should  guard  against. 
The  number  of  bacteria  at  present  found  in  the  water  from  the  drain  is 
smaller  than  the  number  found  in  the  brook  above  its  enti'ance,  and  the 
kinds  found  at  the  outlet  appear  to  survive  through  the  passage  to  the 
lake.  The  drain  increases  the  risk  to  the  city  of  Boston  in  another  con- 
tingency;  viz.,  that  of  a  leak  occurring  in  the  sewer,  or  in  some  of  the 
connections  that  may  be  made  with  it,  by  which  sewage  may  be  con- 
veyed quite  directly  to  the  underdrain.  The  chemical  analyses  indicate 
that  this  has  not  yet  occurred,  but  its  occurrence  in  the  future  is  not 
improbable.  A  continued  series  of  analyses  and  prompt  repair  of 
leakage  when  discovered  might  guard  against  injurious  results ;  but 
the  risk  to  the  city  of  Boston  is  undoubtedly  increased  by  the  di'ain. 

Reviewing  all  of  the  conditions,  the  State  Board  of  Health  concludes 
that  the  underdrain  is  of  advantage  to  the  sanitary  condition  of 
Framingham  ;  that  it  increases  to  some  extent  the  risks  of  pollution  to 
the  water  supply  of  the  city  of  Boston  ;  that,  if  the  water  flowing  in  the 
underdrain  were  conveyed  out  of  the  drainage  area,  the  water  supply  of 
Boston  would  be  better  than  if  the  underdrain  did  not  exist ;  and  advises 
that  the  town  of  Framingham  and  the  city  of  Boston  make  an  equitable 
arrangement,  by  which  this  water  may  be  pumped  to  the  filtei'ing  area 
of  the  town  of  Framingham.  The  Board  would  also  advise  that,  in 
arranging  for  pumping,  connection  should  be  made  with  the  part  of  the 
drain  which  is  at  the  lowest  level,  to  guard  against  its  filling  up  with 
sand,  which  the  Board  is  informed  is  now  accumulating  therein. 

Athol.  In  the  report  of  the  Board  for  1887  (Senate 
Document  4,  January,  1888),  it  appears  that  the  sewerage 
committee  of  Athol  applied  to  the  Board  for  its  advice  relative 
to  a  proposed  plan  of  sewerage,  involving  discharge  of  the 
sewage  into  Miller's  River,  to  which  the  Board  replied  that 
the  town  was  prohibited  from  such  disposal  by  the  Public 
Statutes  (chapter  80,  section  96).  At  the  same  time  the 
town  was  advised  to  have  examinations  made,  with  reference 
to  disposal  of  the  sewage  by  filtration. 

In  August,  1890,  the  selectmen  of  Athol  applied   to   the 

Board  for  advice  upon  the  same  question,  the  claim  being 

urged  that  the  prohibition  imposed  by  the  statutes  did  not 

apply  to  Athol.     To  this  application  the  Board  replied  as 

follows  :  — 

Boston,  Dec.  2,  1890. 

The  question  which  the  State  Board  has  been  asked  to  consider 
especially  is  the  right  of  the  town  to  discharge  its  sewage  into  Miller's 
River,  as  projiosed.     The  Board  can  see  no  new  reasons  advanced  or 
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change  of  conditions  fi"on)  those  considered  in  the  year  1887,  when  the 
town  of  Athol  then  submitted  plans  for  a  sewerage  system.  At  that 
time  the  Board  replied  that  "  so  long  as  the  river  is  used  as  a  supply  for 
drinking-water  at  Orange,  Athol  is,  by  chapter  80,  section  96,  pro- 
hibited from  discharging  sewage  into  the  river." 

The  question  having  been  raised  wliether  the  statute  applies  to  the 
water  supply  of  the  town  of  Orange,  claim  being  made  that  Miller's 
River  is  not  so  used,  the  State  Board  is  of  opinion  that,  vmderthe  existing 
state  of  affairs, —  the  river  being  used  as  a  source  of  supjjly  for  a  part 
of  the  town  whenever  absolutely  required,  although  infrequently,  and 
only  as  a  last  resort,  —  the  statute  restrains  the  town  of  Athol  from  the 
use  of  this  river  for  the  discharge  of  its  sewage. 


1891.]  PUBLIC   DOCUMENT  — No.  3i.  27 


EXAMINATION  OF  WATER  SUPPLIES,  AND 

PUEIFICATION  OF  SEWAGE  AND  OF 

WATEE  BY  FILTRATION. 


The  complete  report  of  the  Board  upon  its  investigations 
of  the  water  supplies  of  the  State  in  1887,  1888  and  1889, 
and  upon  the  work  at  the  experiment  station  of  the  Board 
at  Lawrence  for  the  same  period  are  just  being  issued  from 
the  press  under  the  authority  of  chap.  80  of  the  Resolves 
of  1889.  A  summary  of  the  work  in  these  departments  for 
the  past  year  is  now  presented. 

Examination  of  Water  Supplies. 

In  pursuance  of  the  policy  of  the  Board  to  gain  a  thorough 
and  intimate  knowledge  of  the  natural  waters  of  the  State, 
the  regular  monthly  chemical  and  biological  examinations  of 
the  water  supplies  have  been  continued  during  the  past  year. 
Some  of  the  supplies  which  had  been  continuously  examined 
for  two  or  three  years,  and  concerning  which  it  was  thought 
that  sufficient  information  had  been  obtained,  have  been 
dropped  from  the  list  of  the  waters  examined ;  but  the 
examination  of  the  supplies  of  all  the  larger  cities  has  been 
continued,  as  well  as  many  others  which  it  was  thought 
desirable  to  study  for  a  longer  period. 

The  chemical  and  biological  data  collected  during  the  past 
year  realize  the  expectation  of  the  Board  with  regard  to  the 
great  value  of  long-continued  examinations  of  the  natural 
waters  of  the  State,  and  serve  to  emphasize  the  statements 
which  the  Board  has  made  in  previous  reports,  that  not  only 
are  examinations  of  waters  covering  only  a  short  period 
insufficient  to  reveal  the  real  character  of  the  water,  but  that 
they  may  be  actually  misleading. 
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The  bearing  of  these  examinations  on  the  quality  of  waters 
is  two-fold  :  first,  the  evidence  which  they  afford  of  pollution 
when  the  waters  have  been  contaminated  by  household 
wastes  ;  and  second,  on  the  occurrence  in  surface  waters  of 
unpleasant  tastes  and  odors. 

With  regard  to  pollution,  we  have  the  most  conclusive 
evidence  in  the  amount  of  chlorine  in  the  water.  Mention 
was  made  in  a  previous  report  of  the  determinations  of  "  nor- 
mal chlorine  "  in  the  unpolluted  waters  of  the  State.  Much 
attention  has  been  devoted  to  this  subject,  and  the  map  of 
normal  chlorine  (published  in  the  complete  report  on  Water 
Supply  and  Sewerage),  which  has  been  prepared  with  great 
care,  shows  by  the  isochlors,  or  lines  of  like  chlorine  contents, 
the  amount  of  chlorine  which  may  be  expected  in  the  natural 
unpolluted  waters  in  all  parts  of  the  State,  except  very  near 
the  sea.  When  the  amount  of  chlorine  found  in  a  water  is 
more  than  this  normal,  it  is  (with  some  limitations  which 
are  fully  explained  in  the  complete  report)  to  be  taken  as  an 
evidence  that  the  water  has  at  some  time  been  polluted  by 
sewage  or  household  wastes. 

It  is  believed  that  this  is  the  first  time  that  this  valuable 
conception  of  "normal  chlorine"  has  ever  been  made  of 
practical  use  in  sanitary  water  analysis.  The  labor  involved 
in  this  work  has  been  very  great,  but  the  results  fully  justify 
the  time  devoted  to  it.  It  is  still  desirable  to  do  much  more 
work  in  this  line,  to  cover  more  completely  all  portions  of 
the  State ;  but  it  is  safe  to  say  that  there  is  no  territory  in 
the  country  as  large  as  Massachusetts  in  which  data  of  this 
kind  are  as  numerous  and  comprehensive. 

The  normal  chlorine  lies  now  at  the  basis  of  our  classifica- 
tion of  waters,  as  regards  pollution,  and  is  a  most  important 
aid  in  forming  an  intelligent  judgment  as  to  the  quality  of  a 
water  from  a  chemical  analysis. 

In  the  matter  of  pollution  by  sewage,  we  have  also  added 
much  to  our  knowledge  in  respect  to  the  distinction  to  be 
made  between  recent  and  remote  contamination,  and  of  the 
nature  of  the  processes  of  purification  which  polluted  waters 
undergo  when  exposed  to  light  and  air  in  streams  or  ponds 
and  when  percolating  through  porous  soil.  Pollution  by 
sewage  is,  chemically  speaking,  the  addition  of  nitrogen 
compounds  to  the  water,  in  the  forms  of  organic  nitrogen 
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and  ammonia.  When  the  water  is  purified  in  porous  ground, 
the  final  result  is  the  conversion  of  all  the  nitrogen  into  its 
most  highly  oxidized  condition,  that  is  to  say,  into  nitrates  ; 
and  the  amount  of  the  nitrogen  in  this  form  is  an  indication 
of  the  amount  that  once  existed  in  the  organic  form.  This 
process  is  one  which  is  being  thoroughly  studied  in  connec- 
tion with  the  sewage  filtration  experiments  of  the  Board  at 
Lawrence.  In  the  purification  of  surface  waters  two  condi- 
tions obtain  ;  namely,  an  oxidation  of  the  organic  nitrogen 
and  ammonia  to  nitrates,  and  the  appropriation  of  the  nitrates 
and  also  of  the  ammonia  by  living  plants  in  the  water.  The 
purification  of  polluted  waters  by  the  conversion  of  oxidized 
products  of  nitrogen  and  of  ammonia  into  organic  nitrogen 
by  water  plants  has  already  been  alluded  to  in  a  previous 
report  of  the  Board.  Additional  experience  has  served  to 
confirm  our  views  as  to  the  importance  of  this  natural  process 
of  purifying  waters. 

A  good  illustration  of  the  character  and  rapidity  of  this 
process  under  favorable  conditions  is  found  in  the  following 
series  of  analyses  of  Beaver  Dam  Brook,  into  which  flows  the 
water  of  the  underdrain  of  the  South  Framingham  sewerage 
system.  At  the  time  the  analyses  were  made,  the  water  of 
the  underdrain  was  diluted  by  rather  more  than  its  own 
volume  flowing  in  the  brook. 


Analyses  of  Water  from  Framinghavi  Underdrain  and  from  Beaver 
Dam  Brook  above  and  beloiv,  made  Aug.  8, 1890. 

[Parts  per  100,000.] 
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Note.  —  The  estuary  of  Beaver  Dam  Brook  is  also  an  arm  of  Lake  Cochituate. 
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Here  we  have  a  striking  instance  of  the  prompt  conversion 
of  badly  polluted  ground  water,  containing  much  dissolved 
nitrogen  as  ammonia,  nitrites  and  nitrates,  into  one  in  which 
the  nitrogen  is  mainly  in  the  form  of  insoluble  green  vege- 
table matter,  which  is,  presumably,  in  its  living  condition 
innocuous  to  health.  The  sanitary  significance  of  the  nitro- 
gen compounds  in  surface  and  ground  waters,  and  the  bear- 
ing which  chemical  and  biological  analyses  have  on  the 
micro-organisms  in  the  water,  will  be  found  fully  discussed 
in  the  complete  report. 

Another  interesting  and  important  investigation  which  has 
been  carried  on  for  the  last  two  years  is  the  determination  of 
the  composition  of  the  water  at  different  depths  in  deep 
ponds  and  reservoirs. 

It  has  been  found  that,  in  ponds  having  a  depth  of  more 
than  twenty  feet,  the  bottom  water  remains  stagnant  for 
about  seven  months  during  the  warmer  part  of  the  year, 
while  the  upper  layers  are  kept  in  circulation  by  the  wind 
and  by  surface  streams  which  feed  the  ponds.  In  some 
ponds  this  bottom  water  to  which  the  air  does  not  have 
access  becomes  very  foul,  containing  much  free  ammonia 
with  an  absence  of  dissolved  oxygen,  and  smelling  of  car- 
buretted  and  sulphuretted  hydrogen.  The  cause  of  this 
stagnation  is  the  greater  warmth  of  the  upper  layers'  during 
the  summer  ;  and  when  on  the  approach  of  winter  the  surface 
is  cooled,  the  lower  foul  layers  come  gradually  into  circula- 
tion and  cause  a  marked  deterioration  in  the  quality  of  the 
water  nearer  the  surface. 
'  It  is  not  every  deep  pond  in  which  the  bottom  layers 
thus  become  foul,  but  mainly  those  in  which  the  bottoms 
contain  much  decomposing  organic  matter,  or  in  which  the 
vegetable  and  animal  forms  of  life  in  the  pond  are  abundant, 
and  decompose  in  the  lower  layers  or  on  the  bottom  to  which 
they  sink  when  they  die. 

This  phenomenon  has  been  carefully  studied  at  Jamaica 
Pond,  where  the  bottom  water  becomes  very  foul  in  summer, 
and  the  results  will  be  found  in  detail  in  the  complete  report. 
As  an  indication,  however,  of  the  great  changes  which  take 
place  in  a  pond  of  this  character,  the  following  condensed 
table  is  presented  :  — 
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It  will  be  observed  that  the  water  is  nearly  of  uniform 
quality  at  the  surface  and  bottom  on  the  first  two  dates,  both 
of  which  represent  periods  when  the  water  circulates  to  the 
bottom.  The  first,  however,  contains  most  of  the  nitrogen 
in  the  form  of  free  ammonia,  while  in  the  second  this  is 
nearly  absent,  and  the  nitrogen  appears  mainly  in  the  organic 
form  as  albuminoid  ammonia,  and  as  nitrates.  The  last  date 
represents  the  period  of  stagnation  when  much  of  the  nitro- 
gen is  in  the  lower  layers  in  the  form  of  free  ammonia. 

The  necessity  of  having  a  supply  of  water  in  reservoirs 
and  tanks  for  fire  purposes  and  other  emergencies,  and  the 
need  of  still  more  extended  storage  in  many  cases  to  prevent 
a  deficiency  in  the  supply  during  the  dryer  portions  of  the 
year,  together  with  the  fact  that  to  such  storage  can  be 
traced  most  of  the  bad  tastes  and  odors  which  afiect  water 
supplies,  make  the  subject  of  storage  one  of  especial  concern, 
and  it  will  be  found  treated  at  length  in  the  complete  report. 
A  summary  of  the  results,  however,  will  be  given  here. 

The  storage  of  surface  waters  in  open  distributing  reser- 
voirs does  not  generally  effect  any  important  change  in  the 
water,  but  such  as  does  occur  is  beneficial  rather  than  other- 
wise. 

The  recent  work  emphasizes  the  view  already  given  in 
previous  reports,  that  ground  waters  should  be  stored  in 
reservoirs  from  which  light  is  excluded,  as  they  are  very 
liable,  otherwise,  to  cause  unpleasant  tastes  and  odors  in  the 
water.  During  the  past  year  the  Hyde  Park  Water  Com- 
pany and  the  city  of  Newton,  which  have  heietofore  used 
open  reservoirs,  have  built  covered  ones. 

In  the  case  of  surface  waters  bad  tastes  and  odors  most 
frequently  occur  where  water  is  stored  in  ponds  or  artificial 
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reservoirs  which  hold  more  than  a  month's  supply,  and  not 
in  the  smaller  reservoirs,  such  as  are  quite  commonly  built 
upon  mountain  streams.  There  are  71  examples  of  the 
former  class  which  have  been  investigated.  Of  these,  45, 
or  63  per  cent.,  have  at  some  time  given  trouble  from  bad 
tastes  and  odors.  In  3  of  these  the  trouble  is  due  to  the 
recent  filling  of  reservoirs  which  have  not  been  cleaned,  and 
may  or  may  not  continue.  In  16  other  cases  the  trouble 
has  not  been  serious,  or  has  occurred  only  at  long  intervals, 
so  that  after  making  these  deductions  there  are  26,  or  37  per 
cent.,  of  the  ponds  and  older  reservoirs  which  have  given 
much  trouble.  These  troubles  are  caused  for  the  most  part 
by  the  growth  and  decay  of  organisms  which  thrive,  because 
they  are  supplied  with  nitrogenous  food  derived  either  from 
sewage  or  from  vegetable  matter  contained  in  the  bottom 
of  uncleaned  reservoirs.  For  instance,  if  the  ponds  are 
classified  by  calling  all  those  polluted  which  receive  either 
directly,  or  indirectly  by  filtration,  the  sewage  of  a  popula- 
tion of  300  per  square  mile,  and  those  unpolluted  which 
receive  less,  it  will  be  found  that  all  of  the  polluted  have 
given  some,  and  half  of  them  much,  trouble  from  bad  tastes 
and  odors,  while  of  25  similar  ponds  which  are  unpolluted 
only  one  has  given  much  trouble,  6  have  given  a  little,  and 
18  none.  It  is  also  noticeable  that  the  amount  of  trouble 
corresponds  quite  closely  with  the  amount  of  population  on 
the  drainage  area. 

Artificial  reservoirs  as  a  rule  have  given  more  trouble 
than  ponds,  although  only  two  of  them  are  polluted  accord- 
ing to  the  arbitrary  definition  above  given.  Those  that  are 
polluted  have  given  trouble  the  same  as  the  ponds.  Of 
those  that  are  unpolluted,  all  which  have  been  cleaned  by 
having^  the  soil  and  veg-etable  matter  removed  from  them 
have  not  given  trouble,  and  the  same  is  generally  true  where 
old  mill  ponds  or  reservoirs  have  been  used  for  storing  water 
for  domestic  use.  The  most  trouble  has  occurred  in  shallow 
uncleaned  reservoirs. 

Recent  experience  in  the  storage  of  water  in  new  cleaned 
and  uncleaned  reservoirs  is  instructive.  Reservoir  IV.  of 
the  Boston  Water  Works  was  filled  about  a  year  before  the 
Board  began   its  investigations.     The   Stony  Brook  Reser- 
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voir  of  the  Cambridge  Water  Works,  the  Qaincy  Reservoir, 
aud  the  reservoirs  at  Lynn,  i^nown  as  Glen  Lewis  and  Wal- 
den  ponds,  have  been  filled  since.  Of  these  five  reservoirs, 
the  first  two  only  were  cleaned.  The  etiect  of  the  character 
of  the  reservoir  upon  the  stored  water  is  best  indicated  in  a 
chemical  analysis  by  the  free  ammonia  —  which  is  a  product 
of  decomposition  —  and  the  albuminoid  ammonia,  particu- 
larly the  suspended  portion  of  the  latter,  which  indicates 
the  abundance  of  organisms  and  other  suspended  organic 
matter  contained  in  the  water.  The  following  table  shows 
the  amount  of  these  constituents  in  the  five  reservoirs  :  — 


Table  sJioiving  Amount  of  Free  and  Albuminoid  Ammonia  iti  New 
Cleaned  and  Uncleaned  Reservoirs. 
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.0576 

.0746 

.0560 

.0186 

It  has  frequently  been  stated  that  water  having  a  high 
color  would  lose  most  of  it  by  exposure  to  the  sun  and  air  in 
open  reservoirs.  A  comparison  of  long-continued  observa- 
tions of  water  entering  and  flowing  from  several  reservoirs 
shows  that  this  bleaching  action  does  take  place,  though  very 
slowly,  so  that  water  must  be  stored  several  months  to  cause 
any  material  reduction  in  color,  and  from  six  mon'hs  to  a 
year  in  order  to  remove  practically  all  of  it. 

During  the  past  year  chemical  and  biological  examinations 
have  been  made  of  one  hundred  and  thirty  wells  in  diflerent. 
parts  of  the  State,  which  are  used  more  or  less  by  the  public. 
tSome  of  these  have  been  found  to  be  very  much  polluted  by 
household  wastes,  and  others  contain  water  that   has   been 
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previously  polluted  but  has  been  purified  by  intermittent 
filtration  through  the  ground,  and  a  few  indicate  no  pollu- 
tion. The  worst  of  these  wells  are  being  studied  with  care, 
to  determine  the  sanitary  significance  of  their  present  pollu- 
tion, and  the  efiect  it  has  had  upon  those  who  have  used  the 
waters.  Publication  of  the  results  of  examinations  will  be 
delayed  until  these  studies  have  reached  more  definite  con- 
clusions. 

During  the  past  two  winters  so  little  ice  has  formed  on 
the  streams  and  ponds  that  we  have  yet  been  unable  to  study 
the  effect  of  a  long-continued  covering  of  ice,  excluding  air 
from  the  water.  It  now  appears  that  such  a  study  may  be 
made  this  winter. 

The  general  continuance  of  high  water,  due  to  unusual 
amounts  of  rainfall,  since  the  study  of  the  water  supplies  was 
-commenced  has  prevented  the  study  of  streams  and  ponds  in 
itia.e  of  drought. 


WORK   AT   THE   LAWRP^NCE   EXPERIMENT    STATION. 

The  experiments  upon  the  purification  of  sewage  and  of 
water,  by  intermittent  filtration,  have  been  continued  another 
year,  partly  with  new  materials,  but  principally  with  in- 
creasing quantities  of  sewage  or  of  water,  upon  materials 
that  had  been  in  use  as  filters  during, the  previous  two  years. 

Among  the  most  interesting  results  obtained,  upon  the  in- 
termittent filtration  of  sewage,  were  those  in  which  the  fil- 
tering material  was  entirely  of  gravelstones  as  large  as 
beans.  The  sand  had  not  only  been  screened  out,  but  all  of 
the  stones  had  been  washed,  so  that  no  sand  adhered  to 
them,  before  they  were  put  into  the  tank.  They  formed  a 
bed  five  feet  in  depth  ;  and  for  nine  months  sewage  pumped 
directly  from  the  city  sewer  was  applied  nine  times  a  day, 
for  six  days  in  the  week,  in  quantity  equivalent  to  81^400 
gallons  per  acre  per  day.  The  quality  of  the  efiluent  varied 
somewhat ;  but  during  the  last  two  months,  June  and  July, 
after  the  above  quantity  had  been  applied  daily  for  more 
than  seven  months  we  obtained  the  following  average 
results :  — 
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May  23-June  22, 

June  23 -July  22, 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 

3.5 
3.5 

1.9919 
0.0031 
0.2ofl 

2.2500 
O.U050 
0.2of  1 

0.6031 
0.0375 
6. 

0.7255 
0.0354 
5. 

2.5950 
0.0406 
1.5 

2.97.55 
0.0404 
1.3 

5.16 
6.00 

7.46 
9.01 

10,305 

1,813,500 

13,523 

0.7ofl 

Here  we  find  that  98.6  per  cent,  of  the  organic  matter  of 
the  sewage,  shown  by  the  sum  of  ammonias,  is  removed  by 
being  burned  and  converted  into  nitrates,  and  more  than  99 
per  cent,  of  the  bacteria  that  were  in  the  sewage  were  killed. 
We  must  regard  this  as  a  remarkably  good  result,  with  an 
effluent  averaging  70,000  gallons  an  acre  for  every  day  in  the 
year. 

The  foregoing  results  were  so  satisfactory  that  the  quan- 
tity was  increased  by  applying  the  same  amount  hourly  for. 
fourteen  hours,  instead  of  for  nine  hours.  The  quantity  ap- 
plied was  then  the  equivalent  of  126,600  gallons  per  acre 
per  day,  for  six  days  in  the  week.  This  quantity  was  con- 
tinued for  three  months,  until  Oct.  24,  1890,  with  very  little 
change  from  the  result  previously  obtained. 

The  average  results  for  the  last  month  were  as  follows  :  — 
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We  still  find  98.5  per  cent,  of  the  organic  matter  of  the 
sewage  is  removed,  and  its  nitrogen  is  in  the  mineral  form 
of  nitrates  ;  and  more  than  99.6  per  cent,  of  the  bacteria  are 
killed.  This  result  was  so  satisfactory  that  the  quantity  was 
still  further  increased  in  November. 

These  results  show  more  definitely  than  any  others  the  es- 
sential character  of  intermittent  filtration.     We  see  that  it  is 
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not  a  straining  process.  By  the  application  of  small  quan- 
tities of  sewage  over  the  whole  surface  of  the  tank  each 
hour,  each  stone  in  the  tank  was  kept  covered  with  a  thin 
film  of  liquid,  very  slowly  moving  from  stone  to  stone,  from 
the  top  towards  the  bottom,  and  continually  in  contact  with 
air  in  the  spaces  between  the  stones.  The  liquid,  starting 
at  the  top  as  sewage,  reached  the  bottom  within  twenty-four 
hours,  with  the  organic  matter  nearly  all  burned  out.  The 
removal  of  this  organic  matter  is  in  no  sense  a  mechanical 
one  of  holding  back  material  between  the  stones,  for  they 
are  as  clean  as  they  were  a  year  ago  ;  but  it  is  a  chemical 
change,  aided  by  bacteria,  by  which  the  organic  substances 
are  burned,  forming  products  of  mineral  matter,  which  pass 
off  daily  in  the  purified  liquid. 

The  liquid  flowing  out  at  the  bottom  is  a  clear,  bright 
water,  comparing  favorably,  in  every  respect  that  can  be 
shown  by  chemical  or  biological  examination,  with  water 
from  some  of  the  wells  on  the  streets  of  our  cities  that  are 
used  for  refreshing  draughts  by  the  public  during  the  sum- 
mer. 

Filter  Tank  No.  1. 
This  is  composed  of  very  coarse  mortar  sand.  From  Oct, 
11  to  Dec.  3,  1889,  a  trap  was  upon  the  outlet,  excluding 
air,  and  the  purification  was  not  so  satisfactory  as  previously. 
In  accordance  with  the  conclusions  given  in  the  previous 
report,  the  surface  of  this  tank  was  spaded  under  to  a  depth 
of  about  four  inches  on  November  27  ;  and,  for  the  purpose 
of  washing  out  the  salt  that  was  in  the  tank  from  sewage, 
city  water  was  applied,  500  gallons  three  days  in  the  week, 
from  November  28  to  December  7.  This  was  done  for  the 
purpose  of  determining,  upon  again  applying  sewage,  by  the 
increase  of  chlorine,  how  rapidly  the  foremost  particles  of 
sewage  flow  through  this  sand,  when  applied  in  considerable 
quantity.  While  city  water  was  being  applied,  the  average 
analysis  of  the  effluent  was  as  follows,  in  parts  per  100,000  : — 


Free  Ammonia. 

Albuminoid 
Ammonia. 

Clilorine. 

Nitrates. 

Nitcjtes. 

0.0018 

0.0119 

1.05 

0.7418 

0.0011 
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On  the  last  day  the  chlorine  was  reduced  to  0.46  parts. 
Sewage  began  to  flow  onto  the  sand  at  10.53  on  December  9, 
and  500  gallons  continued  to  flow  on  till  11.44.  There  was 
no  increase  in  flow  at  the  outlet  at  11.29,  but  at  11.32  the 
flow  out  had  increased  from  one-fortieth  of  a  gallon  per 
minute  to  one- tenth  of  a  gallon,  and  in  the  next  three 
minutes  the  rate  of  flow  increased  to  nine-tenths  of  a  gallon 
per  minute,  and  thereafter  continued  increasing  until  12 
o'clock,  when  the  rate  was  fifteen  gallons  per  minute. 

At  11.32  the  number  of  bacteria  in  a  cubic  centimeter  of 
the  effluent  was  70,  a  little  higher  than  it  had  been  through  the 
morning;  but  at  11.35  the  number  had  increased  to  2,190 
per  cubic  centimeter,  and  three  minutes  later  the  number 
was  1,886.  The  increase  to  2.190  at  11.35  indicates  that 
as  much  as  two-thirds  of  one  per  cent,  of  the  effluent  was 
then  of  the  sewage,  which  contained  300,000  bacteria  per  cubic 
centimeter.  At  this  time  not  more  than  six  gallons  of  liquid 
had  flowed  out  after  the  first  sewage  was  put  on  the  surface, 
a  period  of  forty-two  minutes ;  but  it  was  not  more  than  six 
minutes  after  the  application  of  sewage  began  to  increase  the 
flow  at  the  outlet. 

The  indication  of  the  arrival  of  the  most  advanced  particles 
of  sewage  at  the  outlet,  by  the  increase  in  chlorine,  comes  a 
little  later  than  that  by  the  increase  in  bacteria.  One 
reason  may  be  that  the  chlorine  at  the  outlet  was  decreasing 
while  sewage  was  coming  down  through  the  sand,  and 
perhaps  it  would  have  decreased  faster  if  some  forward 
particles  of  sewage  had  not  added  some  chlorine. 

At  11.35  the  chlorine  of  the  effluent  was  0.60  parts;  at 
11.36,  0.52  parts  ;  at  11.38,  0.46  parts  ;  and  at  11.41  it  had 
stopped  decreasing,  being  still  0.46  parts,  and  after  this  it 
steadily  increased.  This  indicates  that  the  forward  particles 
of  sewage  reached  the  outlet  when  fourteen  gallons  of 
effluent  had  been  pressed  out  by  sewage  applied  at  the 
surface.  This  was  at  11.39,  or  four  minutes  later,  and 
after  eight  more  gallons  had  passed  out,  than  when  the 
increase  in  the  number  of  bacteria  indicated  the  arrival  of 
sewage. 

From  this  we  learn  that  the  1,000  gallons  of  liquid 
held  in  the   smaller  interstices  of  this   coarse    sand,  after  it 
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has  been  draining  for  a  day  or  more,  are  to  a  very  small 
extent  pushed  down  by  the  forward  particles  of  the  incoming 
sewage  ;  but  that  some  of  these  particles  move  rapidly  down 
through  the  larger  interstices,  pushing  before  them  but 
little  of  the  contained  water,  and  reach  the  outlet  within 
three-quarters  ot  an  hour  after  being  applied  at  the  surface, 
having  pushed  before  them  not  more  than  one  per  cent,  of 
the  contained  water. 

We  have  the  following  series   of  analyses  of  sewage   and 
of  effluent  during  the  day,  Dec.  9,  1881> : — 


6 

o 

Kksidue  on 
Evapora- 
tion. 

Ammonia. 

o 

5 

Nitrogen 

AS 

s  2 

a  a '3 
%'B  a. 

■6 

E 

6 

'S 
< 

o 
g 
3 

X 

1 

2 

c  5; « 

Sewage, 

- 

- 

- 

.8000 

.4800 

1.2800 

2.80 

- 

- 

- 

304,200 

Effluent, 

8.34 
10.32 

1.2 

9.3 

.0022 

.0082 

.0104 

.70 

.5700 

.0001 

80 
73 

24 
29 

10.44 

2.0 

8.1 

.0022 

.0100 

.0122 

.75 

.6500 

.0001 

78 

- 

10.53 

- 

- 

- 

- 

- 

.72 

- 

- 

76 

15 

11.11 

- 

- 

- 

- 

- 

.72 

- 

- 

75 

10 

11.14 

- 

- 

- 

- 

- 

.72 

- 

- 

77 

19 

11.23 

- 

- 

- 

- 

- 

.72 

- 

- 

77 

12 

11.29 

- 

- 

- 

- 

- 

.72 

- 

- 

76 

Broken. 

11.32 

- 

- 

- 

- 

- 

.62 

- 

- 

273 

70 

11.35 

- 

- 

- 

- 

- 

.60 

- 

- 

2,680 

2,190 

11.36 

2.2 

7.0 

.0010 

.0176 

.0186 

.52 

.4400 

.0001 

4,000 

- 

11.38 

- 

- 

- 

- 

- 

.46 

- 

- 

7,320 

1,886 

11.41 

- 

- 

- 

- 

- 

.46 

- 

- 

10,680 

10,080 

11.44 

2.5 

4.7 

.0030 

.0360 

.0390 

.56 

.2200 

.0006 

12,000 

3,828 

11.47 

- 

- 

- 

- 

- 

.67 

- 

- 

14,800 

9,744 

11.50 

- 

~ 

- 

- 

- 

.79 

- 

- 

17,300 

4,850 

11.53 

- 

- 

- 

- 

- 

.82 

- 

- 

19,100 

Liquified. 

11.56 

3.6 

6.8 

.0146 

.0450 

.0596 

.94 

.2600 

.0008 

22.000 

14,  ".80 

12.02 

- 

- 

- 

- 

- 

.94 

- 

- 

46,200 

9,108 

12.05 

5.5 

6.9 

.0236 

.0470 

.0706 

1.00 

.2700 

.0010 

30,150 

8,580 

12.11 

- 

- 

- 

- 

- 

1.04 

- 

- 

14,800 

10,824 

12.17 

5.0 

5.5 

.0220 

.0514 

.0734 

1.06 

.2800 

.0010 

13,920 

7,740 

4.32 

2.4 

7.8 

.0194 

.0338 

.0532 

1.37 

.3700 

.0004 

920 

8,360 

Five  hunired  gallons  of  sewage  applied  from  10  h.  53  m.  to  11  h.  44  m. 
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These  observations  show  that  when  the  chlorine  began  to 
increase,  the  free  and  albuminoid  ammonia  also  increased  ; 
and,  soon  after,  the  nitrates  increased. 

To  determine  whether  the  ammonias  and  nitrates  pass 
through  in  quantities  proportioned  to  the  chlorine,  or  whether 
they  undergo  important  changes  in  the  quick  passage  of  the 
more  advanced  particles,  we  have  computed  the  different 
forms  of  nitrogen,  as  if  they  came  through  without  change, 
in  proportion  to  the  amount  of  chlorine.  The  assumption  is 
made,  in  accordance  with  the  condition  of  the  effluent  on  the 
previous  days,  that  thirty-three  per  cent,  of  liquid  like  that 
of  the  effluent  in  the  morning  before  sewage  was  applied, 
formed  one  portion  of  the  effluent  continually,  and  this, 
together  with  such  amounts  of  city  water  from  the  upper 
part  of  the  tank,  and  of  applied  sewage,  as  will  give  the 
existing  chlorine  at  any  hour,  make  up  the  existing 
effluent. 

The  actual  analyses  of  the  effluent  at  different  times,  in 
the  forty  minutes  after  sewage  appeared  at  the  outlet,  are 
given  in  the  following  table,  followed  by  the  computed 
analj'ses  :  — 
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These  results,  though  approximate  only,  give  assurance  of 
a  marked  chemical  chan<2:e  within  a  few  minutes,  so  that 
sewage  which  is  ten  minutes  longer  on  the  passage  through 
the  sand  comes  out  with  free  and  albuminoid  ammonia  and 
the  number  of  bacteria  much  more  reduced  than  that  having 
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a  shorter  passage.  The  nitrates  also  indicate  an  increase, 
with  a  short  increase  in  the  time  of  passage,  which  is  con- 
firmed by  other  experiments  ;  but  the  amount  of  this  increase 
and  the  change  in  the  nitrites  are  the  least  certain  points  in 
the  computation. 

The  short  time  in  which  sewage — applied  in  large  quantity 
after  an  intermission — passes  through  five  feet  of  very  coarse 
sand,  before  nitrification  can  become  complete  and  before  all 
of  the  bacteria  can  be  killed,  indicates  the  advantage,  with  such 
material,  of  more  frequent  applications  of  small  quantities. 

The  longer  time  required  by  a  fine  sand  for  the  first 
application  of  sewage  to  pass  through  is  shown  by  an  experi- 
ment on  Tank  No.  2,  when,  under  similar  circumstances,  it 
required  a  week  for  the  most  forward  particles  to  reach 
the  outlet. 

Upon  resuming  the  application  of  sewage,  it  was  found 
that,  while  the  nitrates  were  high,  the  ammonias  were  also 
higher  than  in  the  previous  year.  This  condition  continued 
for  about  two  months,  or  until  the  middle  of  February, 
1890.     The  average  result  was  as  follows  :  — 

Free  ammonia,    .         .  0.1048,  or  7  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0  0330,  or  5  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,      .  0.1378,  or  7  per  cent,  of  that  of  the  sewage. 
Chlorine,     .         .         .  4.55. 
Nitrates,     .         .         .   1  0677. 
Nitrites,      .         .         .  0.0010. 
Quantity  per  aci'e  daily,  .52,000  gallons. 
Bacteria  per  cubic  centimeter,  2,705. 

After  this  the  nitrates  increased  for  three  months  from  1.3 
parts  to  3.0  parts  per  100,000,  and  the  sum  of  ammonias 
decreased  until  the  middle  of  May,  after  which,  for  a  month, 
while  filtering  at  the  rate  of  50,000  gallons  per  acre  per  day, 
the  resulting  analyses  were  as  follows  :  — 

Free  ammonia,    .         .  0.0028,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0202,  or  3  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0230,  or  1  per  cent,  of  that  of  the  sewage. 
Chlorine,     .         .         .  5.09. 
Nitrates,      .         .        .  2.3583. 
Nitrites,       .         .         .0  0002. 
Bacteria  per  cubic  centimeter,  3,296. 


1891.]  PUBLIC   DOCUMENT  — No.  34.  41 

After  the  middle  of  June  the  quantity  filtered  was 
increased  to  77,000  gallons  per  acre  per  day,  with  the  fol- 
lowing average  result  for  three  months  :  — 

Free  ammonia,   .        .  0.0152,  or  0.7  of  1  per  cent,  of  that  oi  the  sewage. 
Albuminoid  ammonia,  0.0406,  or  5  per  cent,  of  that  of  the  sewage 
Sum  of  ammonias,     .  0.0558,  or  1.8  per  cent,  of  that  of  the  sewage. 
Chlorine,     .         .         .  8.46. 
Nitrates,     .        .         .  1.5100. 
Nitrites,      .         .         .  0.0022. 
Bacteria  per  cubic  centimeter,  21,038. 

The  quantity  filtered  was  again  increased.  The  average 
quantity  for  the  next  two  months  was  102,000  gallons  per 
acre  per  day,  and  we  have  the  following  very  satisfactory 
average  analysis  :  — 

Free  ammonia,    .        .  0.0143,  or  0.7  of  1  per  cent,  of  that  of  the  sewage. 

Albuminoid  ammonia,  0.0223,  or  4  per  cent,  of  that  of  the  sewage. 

Sum  of  ammonias,     .  0.0366,  or  1.3  per  cent,  of  that  of  the  sewage. 

Chlorine,     .         .         .  6.24. 

Nitrates,     .        .         .  1.0562. 

Nitrites,      .         .         .  0.0003. 
Bacteria  per  cubic  centimeter,  12,334. 

This  sand  is,  at  the  end  of  its  third  year  of  use,  filtering 
about  double  the  quantity  filtered  at  the  end  of  the  second 
year,  with  a  rather  purer  efiluent.  The  better  result  is 
attributed  to  raking  over  the  surface,  to  the  depth  of  one 
inch,  once  a  week. 

Filter  Tank  JVo.  2. 
This  filter  of  very  fine  sand  was  allowed  to  stand  through 
a  part  of  November,  1889,  without  receiving  sewage,  and 
on  November  26  the  surface  was  spaded  under  to  the  depth 
of  four  inches.  From  November  29  to  December  13  city 
water  was  applied  to  the  tank  instead  of  sewage,  till  the 
chlorine  of  the  efiluent  was  reduced  to  0.19  parts  per 
100,000,  —  nearly  the  same  as  in  city  water.  The  applica- 
tion of  sewage  was  resumed  December  14,  and  it  was  found 
that  the  increase  in  chlorine  indicated  that  sewage  begfan  to 
reach  the  bottom  in  small  amount  on  December  20,  after 
1,780  gallons  had  passed  through  ;  that  is,  that  these  forward 
particles  had  passed  by  about  500  gallons  of  water  held  in 
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the  smaller  interstices.  A  slight  increase  in  the  number  of 
bacteria  when  about  40  gallons  less  had  passed  through 
appears  to  have  been  a  somewhat  more  delicate  test  of  the 
presence  at  the  outlet  of  the  most  forward  particles  of  the 
sewage.  The  effluent  had  the  full  strength  of  the  chlorine 
of  the  sewage  when  2,800  gallons  had  passed  out,  after  the 
first  sewage  was  applied  at  the  surface.  But,  before  this, 
when  the  chlorine  of  the  effluent  was  but  one-half  that  of 
the  sewage,  the  nitrates  of  the  effluent  increased  in  one  day 
from  0.2300  parts  to  1.3500  parts  per  100,000;  indicating 
that,  although  nitrification  had  been  reduced  by  the  passing 
of  city  water  through  the  filter,  —  for  the  reason  that  there 
was  little  organic  matter  to  be  nitrified,  —  the  conditions  for 
nitrification  had  not  been  lessened  ;  so  that,  as  soon  as 
organic  matter  was  presented,  it  oxidized  very  rapidly,  and 
increased  the  nitrates  to  a  larger  percentage  of  the  total 
nitrogen  than  usual. 

The  nitrates  continued  hio-h  through  the  winter,  averaging 
1.072  parts  for  the  next  two  months,  and  then  increased 
through  March  and  April  and  to  the  middle  of  May,  when 
they  were  2.750  parts.  In  the  first  three  months,  January 
to  March,  with  the  usual  quantity  of  42,000  gallons  per  acre 
filtering  daily,  the  ammonias  were  higher  than  usual ;  the 
free  ammonia  averaged  0.0205  parts,  and  the  albuminoid 
ammonia  0.0119  parts,  making  the  sum  of  ammonias  0.0324 
parts  per  100,000,  or  1.5  per  cent,  of  those  of  the  sewage. 

From  April  9  to  June  28,  while  the  same  quantity  was 
filtering,  the  sum  of  ammonias  was  only  0.0130  parts,  or 
0.6  of  one  per  cent,  of  those  of  the  sewage;  the  free 
ammonia  averaged  0.0016  parts,  and  the  albuminoid  ammo- 
nia 0.0114  parts.  The  nitrates  decreased  steadily  from  the 
middle  of  May  to  the  last  of  June,  from  2.750  parts  to  1.000 
part.  Then  the  surface  of  the  tank  was  raked  over  to  the 
depth  of  one  inch,  and  the  nitrates,  in  one  week,  rose  to 
2.500  parts,  and  continued  between  this  amount  and  1.530 
parts  for  the  following  three  months.  These  higher  nitrates 
were  undoubtedly  due  to  raking  over  the  surface  of  the  filter 
once  a  week. 

With  the  first  of  July,  the  quantity  of  sewage  applied  was 
increased  to  700  gallons,  applied  three  days  in  a  week,  or 
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an  average  rate  of  60,000  gallons  per  acre  per  day.  The 
sum  of  ammonias  increased  slightly  for  the  first  month,  but 
afterwards  steadily  decreased,  as  follows:  July,  0.0142 
parts;  August,  0.0130  parts;  September,  0.0113  parts; 
and  October,  0.0083  parts.  In  the  last  month  they  formed 
but  0.3  of  one  per  cent,  of  those  of  the  sewage. 

The  average  analysis  of  the  effluent  for  the  last  month  was 
as  follows  :  — 

Free  ammonia,  .         .  0.0004,  or  0.02  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0079,  or  1.2  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0083,  or  0.3  of  one  per  cent,  of  that  of  tlie  sewage. 
Chlorine,     .         .         .  6.37. 
Nitrates,     .        .         .  1.4140,  or  51  per  cent,  of  the  total  nitrogen  of  tlie 

sewage. 
Nitrites,      .         .         .  0.0000. 
Bacteria  per  cubic  centimeter,  17. 

This  is  a  very  satisfactory  result  for  this  material.  Two 
years  before,  we  found  it  necessary  to  reduce  the  quantity 
of  sewage  to  200  gallons,  applied  three  times  a  week,  before 
we  could  obtain  such  purification.  A  year  ago  we  obtained 
nearly  as  good  an  effluent  with  this  filter  when  six-tenths  as 
much  sewage  was  filtering.  The  ability  to  filter  the  increased 
quantity  at  this  time  is  believed  to  be  entirely  due  to  raking 
over  the  surface  of  the  filter  to  the  depth  of  an  inch  once  a 
week,  which  has  been  done  since  the  latter  part  of  June, 
1890. 

Filter  Tank  ZVb.  3a. 
The  peat  which  filled  Tank  No.  3  for  two  years  was 
removed  on  Nov.  14,  1889,  and  on  November  20  the  tank 
was  filled,  above  the  gravel  and  sand  around  the  underdrains, 
with  a  depth  of  2.5  feet  of  fine  sand  like  that  in  Tank  No.  2, 
above  which  was  2.5  feet  of  coarse  sand  like  that  of  Tank 
No.  1.  The  name  was  changed  to  Tank  No.  3a.  Five 
hundred  gallons  of  water  were  applied  to  this  tank  daily  for 
about  a  month,  and  on  Jan.  6,  1890,  the  first  sewage  was 
applied.  The  quantity  of  sewage  applied  was  150  gallons  a 
day,  except  Sundays,  until  June  30  ;  then  300  gallons  a  day 
until  September  7  ;  then  350  gallons  a  day  until  October  20, 
when  the  quantity  was  increased  to  500  gallons  a  day. 
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The  nitrates  of  the  effluent  continued  from  0.010  parts  to 
0.020  parts  until  March  20;  when,  the  temperature  of  the 
effluent  being  at  38"  Fah  ,  the  nitrates  increased  to  0.040 
parts,  after  which  they  increased,  slowly  at  first  and  then 
more  rapidly,  until  the  middle  of  May,  when  they  were 
3,750  parts.  They  then  decreased,  and  in  the  latter  part  of 
June  were  2,000  parts.  From  this  time  to  September  7 
they  averaged  1.870  parts,  and  from  September  7  to  Octo- 
ber 20  the  average  was  1.490  parts  per  100,000. 

Previous  to  the  beginnino;  of  nitrification  the  free  ammo- 
nias  of  the  effluent  increased  to  0.6000  parts  per  100,000, 
and  the  albuminoid  ammonias  to  0.0500  parts.  The  sum  of 
ammonias  were  then  40  per  cent,  of  those  of  the  sewage  ; 
but  the  albuminoid  ammonia  was  but  12  per  cent,  of  that  of 
the  sewage. 

While  the  nitrates  were  the  highest,  in  the  middle  part  of 
May,  the  total  nitrogen  coming  from  the  tank  was  40  per 
cent,  more  than  was  being  applied.  The  ammonias  were 
rapidly  decreasing,  and  on  June  19  their  sum  was  less  than 
one  per  cent,  of  the  sum  of  ammonias  in  the  sewage.  The 
quantity  of  sewage  applied  was  doubled  after  June  30,  and 
the  surface  was  raked  over  to  the  depth  of  one  inch  once  a 
week.  The  ammonias,  at  first  higher,  gradually  decreased 
through  the  month  of  July ;  and  from  August  1  to  Sep- 
tember 7  there  was  a  steady  and  very  complete  purifi- 
cation. 

The  average  analysis  was  as  folio w^s  :  — 

Tree  ammonia,    .         .  0.0037,  or  0.2  of  1  per  cent,  of  that  of  the  sewage. 

Albuminoid  ammonia,  0.0092,  or  1.4  per  cent,  of  that  of  the  sewage. 

Sum  of  ammonias,     .  0.0129,  or  0.5  of  1  per  cent,  of  that  of  the  sewage. 

Chlorine,    .         .         .  7.17. 

Nitrates,      .         .         .  1.9200. 

Nitrites,      .         .         .  0.0004. 
Bacteria  per  cubic  centimeter,  1,642. 

With  the  increase  in  quantity  of  sewage  applied  after 
September  7  to  60,000  gallons  per  acre  per  day,  the  free 
ammonia  increased  until  it  became  0.0322  parts ;  but  in 
the  following  three  weeks  it  steadily  decreased,  until  the 
analysis  on  October  16  was  as  follows  :  — 
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Free  ammonia,    .         .  0.0026,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 

Albuminoid  ammonia,  0.0082,  or  1  per  cent,  of  that  of  the  sewage. 

Sum  of  ammonias,     .  0.0108,  or  0.4  of  1  per  cent,  of  that  of  the  sewage. 

Chlorine,     .         .         .  4.94. 

Nitrates,     .        .         .  1.1000. 

Nitrites,      .        .         .  0.0000. 

Bacteria  per  cubic  centimeter,  3,960. 

After  this  the  daily  quantity  applied  was  increased  to 
100,000  gallons  per  acre,  for  six  days  in  the  week,  which 
will  be  continued  throuijh  the  winter. 


Filter  Tank  No.  4. 

This  filter,  of  extremely  fine  sand,  has,  since  June,  1889, 
received  sewagre  throug^h  a  trench  of  coarse  sand.  The 
excellent  results  obtained  in  October,  1889,  have  continued. 
The  equivalent  of  26,000  gallons  of  sewage  a  day  upon  an 
acre  has  been  continued  through  August,  1890 ;  and  the 
quality  of  the  efiluent  has  been  very  nearly  constant  through 
winter  and  summer ;  the  principal  variation  being  in  the 
nitrates,  which  were  as  usual  higher  in  April,  May  and 
June. 

The  average  analysis  for  the  ten  months,  November,  1889, 
to  August,  1890,  was  as  follows  :  — 

Free  ammonia,    .         .  0.0017,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0120,  or  1.8  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0137,  or  0.6  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,     .         .         .  5.36. 
Nitrates,     .         .         .  1.3337. 
Nitrites,      .         .         .  0.0001. 
Bacteria  per  cubic  centimeter,  184. 

This  result  was  so  satisfactory  that  the  daily  quantity  of 
sewage  was,  on  September  8,  increased  to  34,200  gallons 
per  acre,  and  the  average  analysis  for  the  following  three 
months  was  as  follows  :  — 

Free  ammonia,   .        .  0.0011,  or  0.05  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0118,  or  1.7  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,      .  0.0129,  or  0.5  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,     .         .         .  5.98. 
Nitrates,      .         .         .  1.0854. 
Nitrites,      .         .         .  0.0000. 
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When  sewage  was  applied  to  the  surface  of  this  material, 
we  were  unable  to  obtain  as  good  results  as  the  above  ;  and 
it  was  not  till  the  quantity  filtered  was  reduced  to  12,000 
gallons  per  acre  per  day  that  purification  became  nearly  as 
complete  as  the  results  now  obtained  by  applying  to  the 
coarse  sand  in  the  trench  34,200  gallons  per  acre  per  day. 

Filter  Tank  No.   5. 

This  tank  of  garden  soil,  five  feet  deep,  had  a  trench  dug 
two  and  a  half  feet  deep  and  one  and  a  half  feet  wide,  its 
outer  edge  being  one  and  a  half  feet  inside  of  the  periphery. 
This  trench  was  filled  with  coarse  sand  like  that  of  Tank 
No.  1,  and  sewage  has  since  been  applied  to  this  sand.  The 
quantity  applied  has  been  100  gallons,  three  times  a  week, 
from  November,  1889,  to  September,  1890,  or  the  equiva- 
lent of  8,600  gallons  per  acre  per  day.  The  quantity  of 
efiiuent  was  a  little  greater,  owing  to  the  rain,  in  the  first 
eight  months ;  but  during  the  last  three  months  was  less, 
on  account  of  greater  evaporation. 

No  nitrates  were  found  in  the  efiiuent  except  for  a  short 
time  in  April,  1890,  and  again  a  few  times  in  August  and 
September.  The  sum  of  ammonias  of  the  effluent  was 
greater  than  that  of  the  sewage,  from  November  to  Jan- 
uary ;  but  from  February  till  near  the  end  of  August  the 
sum  of  ammonias  was  nearly  the  same  in  each. 

Durins:  the  eleven  months  the  free  ammonia  has  averaged 
2.8273,  which  is  68  per  cent,  more  than  the  free  ammonia 
of  the  applied  sewage.  But  the  albuminoid  ammonia  has 
averaged  only  0.1869  parts,  and  has  been  very  constantly 
29  per  cent,  of  that  of  the  sewage. 

While  there  has  been  little  or  no  nitrification,  there  has 
been  a  marked  reduction  in  the  organic  nitrogen,  so  that 
there  remains  but  29  per  cent,  of  the  amount  in  the  sewage. 
This  is  only  about  one-third  as  much  organic  nitrogen  as 
remained  in  the  effluent  when  the  sewage  was  applied 
directly  to  the  surface  of  the  filter,  before  the  sewage  was 
applied  to  the  trench  filled  with  coarse  sand.  This  is  a 
step  in  purification,  but  a  very  incomplete  one,  compared 
with  the  result  in  all  of  the  sand  filters. 

After    October   3    the    quantity    of    sewage    applied    was 
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reduced  to  50  gallons,  applied  three  times  a  week,  or  the 
equivalent  of  4,300  gallons  per  acre  per  day,  which  is  but 
little  more  than  the  rainfall  upon  the  same  area. 

Filter  Tank  JVo.  6. 

This  tank,  of  coarse  and  fine  sand  and  fine  gravel,  four 
feet  deep,  continued  to  receive  42,600  gallons  daily  per  acre 
from  June,  188l>,  to  Sept.  8,  1890.  In  1890  nitrification 
was  continually  active.  It  was  most  complete  in  April, 
May  and  August,  when  the  nitrates  exceeded  2.0  parts  per 
100,000.  In  December,  1889,  the  free  ammonia  increased 
for  a  time  up  to  0.0650  parts,  but  soon  fell  to  0.0068  parts. 

The  average  analysis  from  January  to  August,  1890,  was 
as  follows  :  — 

Free  ammonia,    .         .  0.0028,  or  0.16  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0181,  or  2.7  per  cent  of  that  of  the  sewage. 
Sum  of  ammonias,      .  0.020D,  or  0.9  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,     .         .         .  5.54. 
Nitrates,      .         .         .  1.4125. 
Nitrites,      .         .         .  0.0002. 
Bacteria  per  cubic  centimeter,  7,144. 

After  Sept.  8,  1890,  the  quantity  of  sewage  applied  daily 
was  increased  to  the  equivalent  of  60,000  gallons  per  acre, 
and  the  resulting  analysis  for  the  following  three  months 
was  as  follows  :  — 

Free  ammonia,   .         .  0.0030,  or  0.15  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0164,  or  2  4  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,      .  0.0194,  or  0.7  of  1  per  cent,  of  that  of  the  sewage. 
Clilorine,     .         .         .  5.50. 
Nitrates,     .         .         .  1.2627. 
Nitrites,      .         .         .  0.0001. 
Bacteria  per  cubic  centimeter,  10,044. 

The  surface  of  this  filter  has  not  been  worked  over  or  in 
any  way  disturbed  for  nearly  three  years.  There  is  very 
little  sediment  upon  the  surface,  but  experience  with  other 
filters  indicates  that  better  results  will  be  obtained  if  the 
surface  be  raked  over  once  a  week;  and,  although  the 
results  with  this  filter,  having  but  four  feet  in  depth  of  filter- 
ing material,  have  been  remarkably  good,  in  making  a  fur- 
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ther  increase   of  quantity  the   surface  will  be  periodically 
disturbed. 

Filter  Tank  JSTo.  7. 

This  filter  has  a  covering  of  soil  and  of  loam,  but  the  sew- 
age has,  since  October,  1889,  been  applied  in  an  open- 
jointed  drain  pipe  beneath  the  loam.  The  drain  pipe  is  sur- 
rounded with  coarse  gravel,  which  extends  one  foot  and  a 
half  below  it,  and  for  a  width  of  two  feet. 

From  September,  1889,  to  August,  1890,  150  gallons  of 
sewage  were  applied  daily  on  six  days  in  the  week,  or  25,700 
gallons  per  day  per  acre. 

For  the  ten  months,  November,  1889,  to  August,  1890, 
nitrification  has  been  active.  The  nitrates  have  not  been  as 
high  as  with  the  sand  filters,  but  have  averaged  1.1544  parts 
per  100,000.     The  ammonias  have  been  nearly  constant. 

The  average  analysis  for  the  ten  months  was  as  follows  :  — 

Free  ammonia,    .         .  0.0024,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0,0111,  or  1.7  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,      .  0.0135,  or  0.6  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,    .         .         .  5.49. 
Nitrates,     .         .         .  1.1544. 
Nitrites,      .         .         .0.0001. 
Bacteria  per  cubic  centimeter,  501 . 

After  Sept.  7,  1890,  the  quantity  of  sewage  applied  was 
increased  to  200  gallons  per  day,  for  six  days  in  the  week,  or 
the  equivalent  of  34,280  gallons  per  acre  per  day. 

This  quantity,  for  a  time,  was  too  much  for  the  filter  to 
purify,  and,  at  the  end  of  October,  the  free  ammonia  had 
increased  to  0.1920  parts;  the  albuminoid  ammonia  was 
0.0200  parts  ;  the  nitrates  had  been  reduced  to  0.4500  parts, 
but  had  again  risen  to  0.9000  parts;  and  the  nitrites  were 
0.0110  parts. 

From  this  time  the  effluent  steadily  improved,  and  on 
December  11  the  analysis  was  as  follows  :  — 

Free  ammonia,     .         . 0.0082 

Albuminoid  ammonia, .'  0.0084 

Sum  of  ammonias, 0.0166 

Clilorine,      . 4.34 

Nitrates, 0.8900 

Nitrites, 0.0009 
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Filter  Tank  JSfo.  14. 

Durino;  the  summer  of  1889  this  tank  of  coarse  sand,  like 
that  of  No.  1,  had  sewage  applied  at  the  rate  of  60,000 
gallons  per  acre  for  six  days  in  the  week.  The  tight  cover 
was  kept  on  all  of  the  time,  and  air  was  admitted  at  first  for 
fifteen  minutes  a  day,  then  for  five  minutes,  then  for  three 
minutes,  and  finally  for  one  minute.  The  air  was  kept  in 
motion  through  the  tank  by  means  of  an  aspirator.  Nitrifi- 
cation was  nearly  complete,  and  during  the  last  month  of 
October,  1889,  when  air  was  admitted  in  small  quantity 
only,  for  one  minute  a  day,  the  average  analysis  was  as 
follows  : — 

Free  ammonia, 0.0011 

Albuminoid  ammonia, .  0.0129 

Chlorine, 4.87 

Nitrates,      .         .         .         . 1.4133 

Nitrites,       .       - .  0.0034 

For  the  next  month  no  air  was  admitted,  but  the  aspirator 
continued  running,  causing  the  air  within  the  tank  to  circu 
late  through  the  sand.  The  nitrification  was  as  complete, 
and  the  removal  of  organic  matter  nearly  as  great,  as  in  the 
previous  month.  It  was  evident  that  oxygen  must  have 
been  supplied  from  some  source  ;  and  it  was  concluded  that 
it  came,  in  very  small  amount,  from  the  absorbed  oxygen  of 
the  water  of  the  aspirator,  which  continually  came  in  contact 
with  the  air  which  it  was  causing  to  circulate. 

On  December  7  the  aspirator  was  removed.  Nitrification 
rapidly  decreased  ;  and  through  January  and  the  most  of 
February  the  nitrates  and  nitrites  were  zero.  The  free 
ammonia  rose  to  1.4,  and  the  albuminoid  ammonia  to  0.13, 
parts. 

On  March  10,  1890,  the  cover  was  removed,  and  on 
March  21  the  nitrates  had  risen  to  2.6  parts.  The  ammonias 
rapidly  decreased,  and  at  the  end  of  April  there  was  a  well- 
established  purification.  For  the  next  month  and  a  half  the 
analyses  averaged  as  follows:  free  ammonia,  0.0033; 
albuminoid  ammonia,  0.0153;  chlorine,  4.84;  nitrates, 
2.6643;  nitrites,  0.0011. 
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After  the  middle  of  June,  the  quantity  of  sewage  was 
increased  to  the  equivalent  of  100,000  gallons  per  acre,  for 
six  days  in  the  week.  The  free  ammonias  rose  for  a  few 
days,  and  then  fell  to  their  former  amount.  The  albuminoid 
ammonias  increased  permanently.  The  average  analysis  for 
the  three  months  July,  August  and  September,  1890,  was  as 
follows  : — 

Free  ammonia,    .         .  0.0043,  or  0.2  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0240,  or  4  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,      .  0.0283,  or  1  per  cent,  of  that  of  the  sewage. 
Chlorine,     ...  6.63. 
Nitrates,      .         .         .  2.3425. 
Nitrites,      .         .         .  0.0008. 

This  was  a  very  good  result  when  filtering  so  large  a 
quantity. 

In  October  a  little  sewage  remained  on  the  surface  in 
spots,  in  the  first  half  of  the  month,  and  the  ammonias 
increased ;  but,  upon  raking  over  the  surface — which  had 
not  been  disturbed  for  six  months — to  the  depth  of  one 
inch,  once  a  week,  the  nitrates  again  increased,  and  for  the 
month  of  November  the  ammonias  were  the  same  as  in  the 
analysis  just  given,  with  no  indication  that  this  quantity  may 
not  be  as  well  purified  for  an  indefinite  period. 

On  Dec.  4,  1890,  the  daily  quantity  of  sewage  was 
increased  to  120,000  gallons  per  acre,  for  six  days  in  the 
week. 

Filter  Tank  JVo.   15a. 

This  tank,  of  coarse  gravelstones,  has  been  treated  with 
the  equivalent  of  20,000  gallons  per  acre,  for  six  days  in 
the  week, 'of  sewage  having  an  excess  of  acid,  made  so  by 
adding  to  ordinary  sewage  varying  amounts  of  sulphuric 
acid. 

From  Nov.  4,  1889,  to  May  8,  1890,  the  amount  of  sul- 
phuric acid  added  was  22.54  parts  per  100,000.  From  May 
9  to  July  30  the  amount  was  45  parts  per  100,000  ;  and 
from  July  31  to  October  26  the  amount  added  was  90  parts 
per  100,000.  The  object  was  to  see  the  effect  of  intermit- 
tent filtration  of  sewage  having  an  excess  of  sulphuric  acid. 
It  will  be  seen  that,  while  purification  was  much  less  than 


1891.]  PUBLIC   DOCUMENT  — No.  34.  51 

with  alkaline  sewage,  there  was  at  all  times  some  nitrifica- 
tion, and  the  organic  nitrogen  was  very  much  reduced. 

The  average  analysis  of  the  efiluent  in  the  first  four 
months  of  the  year,  while  the  smaller  quantity  was  added, 
was  as  follows  :  — 

Free  ammonia,   .         .   1.4881,  or  102  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0884,  or  13  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,      .  1.5765,  or  73  per  cent,  of  that  of  the  sewage. 
Chlorine,    ...  4.93. 
Nitrates,     .         .         .  0.0930. 
Nitrites,      .         .         ,  0.0016. 

In  the  second  period,  when  45  parts  per  100,000  of  sul- 
phuric acid  were  added  to  the  sewage,  the  average  analysis 
for  three  months  was  as  follows  :  — 

Free  ammonia,    .         .  2.8425,  or  142  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.1468,  or  22  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  2.9893,  or  113  per  cent,  of  that  of  the  sewage. 
Chlorine,    .         .         .  7.45. 
Nitrates,      .         .         .  0.0932. 
Nitrites,      .         .         .  0.0009. 

In  the  third  period,  from  July  31  to  Oct.  26,  1890,  when 
90  parts  per  100,000  of  sulphuric  acid  were  added,  we  have 
the  following  average  analysis  :  — 

Free  ammonia,   .         .  2.3983,  or  114  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.1582,  or  24  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,      .  2.5515,  or  93  per  cent,  of  that  of  the  sewage. 
Chlorine,     .         .         .  8.17. 
Nitrates,     .         .         .  0.0311. 
Nitrites,      .        .         .  0.0004. 

While  there  has  been  a  small  amount  of  nitrification 
through  the  year,  which  has  decreased  with  the  great  excess 
of  acid  of  the  last  three  months,  there  has  been  a  continued 
removal  of  more  than  three-quarters  of  the  organic  nitrogen, 
as  shown  by  the  albuminoid  ammonia. 

Filter  Tanks  No.  17a  and  N'o.  19. 
These  two  iron  tanks,  in  the  building,  were,  on  Jan.  25, 
1890,  filled  with  sand  intermediate  in  fineness  between  that 
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of  No.  1  and  that  of  No.  2.  The  sand  of  each  "v^as  taken 
from  the  same  pit,  and  is  presumed  to  be  of  like  quality ; 
but,  in  filling  No.  17a,  marble  dust  was  added  in  layers 
containing  ten  pounds,  or  having  a  depth  of  a  little  more 
than  one-half  inch,  at  distances  of  one,  three  and  four  feet, 
and  of  four  feet  and  nine  inches  from  the  top  of  the  layer  of 
coarse  sand  on  the  gravel  at  the  bottom.  The  upper  layer 
of  marble  dust  was  covered  with  three  inches  of  sand. 

These  two  filters  were  treated  alike  for  nine  months,  to  see 
if  there  was  any  advantage,  when  filtering  an  ordinary  alka- 
line sewage,  in  having  layers  of  an  alkaline  earth  in  the  filter. 

Sewage  was  applied  to  each  on  Jan.  28,  1890,  the  quan- 
tity being  1.5  gallons  on  week  days,  until  February  18, 
after  which  it  was  3  gallons,  or  at  the  rate  of  60,000  gallons 
per  acre. 

The  nitrates  were  a  little  hig-her  in  No.  19  during:  the 
first  month,  and  they  rose  rapidly  in  this  tank  fifteen  days 
earlier  than  in  Tank  No.  17a.  Perhaps  this  was  due  to 
more  freedom  of  motion  of  air  through  the  tank  which  con- 
tained no  marble  dust. 

The  nitrates  were  high  in  both  filters  after  May  1  ;  but 
were  a  little  higher  in  the  tank  without  the  marble  dust. 

The  average  analysis  in  each  for  the  following  six  months 
was  as  follows  :  — 


Tank  No.  17  a. 

Tank  No.  19. 

0.0026 

0.0055 

0.0130 

0.0110 

0.0156 

0.0165 

5.84 

5.73 

2.0219 

2.2492 

0.0009 

0.0029 

25. 

35. 

Free  ammonia, 
Albuminoid  ammonia,    . 
Sum  of  ammonias, . 

Chlorine, 

Nitrates, 

Nitrites, 

Bacteria  per  cubic  centimeter, 


No  advantage  appears  in  favor  of  the  addition  of  marble 
dust  in  this  trial  of  nine  months  with  ordinary  alkaline 
sewage.  After  Oct.  26,  1890,  Tank  No.  17a  was  treated 
with  sewage  to  which  a  definite  amount  of  sulphuric  acid 
was  added,  and  the  quantity  of  sewage  applied  to  Tank  No. 
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19  was  increased  to  the  equivalent  of  120,000  gallons  per 
acre,  on  six  days  in  the  week. 


Filter  Tank  No.  25. 

This  iron  tank,  20  inches  in  diameter  and  12.2  feet  high, 
had  the  usual  gravel  and  coarse  sand  put  in  at  the  bottom 
for  a  depth  of  six  inches,  above  which  was  five  feet  of  sand 
and  loam  from  a  cemetery.  Water  was  filtered  through 
this  sand  and  loam  for  three  months,  when  the  resulting 
effluent  gave  the  following  analysis  :  free  ammonia,  0.0014; 
albuminoid  ammonia,  0.0024;  chlorine,  0.23;  nitrates, 
0.0250  ;  and  nitrites,  0.0002  parts  per  100,000. 

On  Dec.  18,  1889,  the  carcass  of  a  dog,  weighing  eleven 
and  a  half  pounds,  was  put  on  the  surface,  and  this  was 
covered  with  six  feet  of  sand  and  loam  similar  to  that  below. 

From  Jan.  1,  1890,  to  November  21,  one  and  a  half  gal- 
lons of  water  were  poured  upon  the  surface  each  week.  This 
is  a  little  more  than  the  average  weekly  rainfall  upon  such 
a  surface.  The  changes  that  occurred  in  the  effluent  from 
month  to  month  are  presented  in  the  following  table  of 
monthly  averages  of  analyses  of  the  effluent :  — 


Ammonia. 

NiTKOGEN  AS 
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Date. 

6 
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o 
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3 
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1889. 
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.0261 
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.0280 
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- 
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.0065 

.0044 

.0109 

6.26 

.0275 

.0001 

- 
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.0033 

.0043 

.0076 

7.30 

.0225 
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- 
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.0031 

.0082 

.0113 

8.21 

.0125 
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-  ■ 
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. 

.0037 

.0114 

.0151 

9.21 
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- 
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. 

.0034 
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- 
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. 
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4.67 

.0350 

.0000 

- 

July,    . 

.0878 

.0178 

.1056 

3.23 

.1700 
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- 

August, 

. 

1.6990 

.0394 

1.7384 

2.52 

.8500 

.1850 

- 

September, 

. 

6.5350 

.0461 

6.5811 

1.85 

.7750 

.0617 

4,319 

October, 

11.4250 

.6850 

12.1100 

1.76 

.1475 

.0271 

18,360 

November, 

26.6250 

2.8000 

29.4250 

1.49 

.0925 

.0082 

4,796 
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The  chlorine  increased  in  four  months  from  0.23  parts  — 
which  was  that  of  the  water  going  through  the  lower  five 
feet  before  the  carcass  was  buried  —  to  9.21  parts  ;  and  then 
gradually  decreased  in  seven  months  to  1.49  parts  per 
100,000  of  the  water  coming  through. 

The  nitrates  were  no  higher  than  the  water  applied,  for 
six  mouths  ;  that  is,  in  this  time  there  was  no  nitrification, 
but  in  the  next  two  months  the  nitrates  increased  to  0.8500 
parts,  and  then  gradually  fell  in  three  months  to  0.0925 
parts.  It  may  be  that  this  small  amount  of  nitrification  took 
place  in  the  lower  layers  of  the  tank  where  air  was  received 
from  the  outlet.  In  future  the  outlet  will  be  trapped  so 
that  no  air  can  enter  there,  to  determine  whether  air  per- 
meates this  material  from  the  surface  to  sufficient  depth  to 
produce  nitrification  of  organic  matter  six  feet  below  the 
surface. 

The  nitrites  increased  with  the  nitrates  to  0.1850  parts, 
and  decreased  to  0.0082  parts  in  November. 

The  free  ammonia  was  low  and  nearly  constant,  at  about 
0.0034  parts,  for  six  months,  and  then  increased  at  a  very 
rapid  rate  in  the  remaining  five  months  to  26.6250  parts,  in 
November. 

The  albuminoid  ammonia  increased  but  little  for  seven 
months,  and  then  slowly  for  two  months ;  after  which  it 
increased  very  rapidly,  and  for  November  averaged  2.8000 
parts  per  100,000. 

The  odor  of  the  efiiuent  grew  very  strong  and  ofiensive 
through  April,  May  and  June,  and  was  the  most  nauseating 
the  first  week  in  July,  since  which  it  has  decreased  much, 
but  is  still  strong. 

Filter  Tanks  No.  26  to  JVo.  32. 

These  six  tin  tanks  are  smaller  than  the  iron  tanks,  being 
but  2.95  feet  deep  and  1.41  feet  in  diameter.  Each  is  filled 
with  filtering  material  to  the  depth  of  2.5  feet,  which,  with 
the  0.25  foot  of  gravel  at  the  bottom,  makes  a  total  depth 
of  2.75  feet. 

Tanks  No.  26  and  No.  29  were  filled  with  washed  gravel- 
stones  that  would  not  go  through  a  sieve  having  meshes 
five-eighths  of  an  inch  square. 
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Tanks  Nos.  27  and  30  were  filled  2.5  feet  deep  with  sand 
like  that  of  Tank  No.  1,  and  Tanks  Nos.  28  and  31  were 
filled  to  the  same  depth  with  a  finer  sand  like  that  of  Tank 
No.  19. 

The  first  named  in  each  of  these  couples  was  first  treated 
with  sewage  on  April  1,  1890,  when  nitrification  was  active 
in  all  of  the  old  tanks  ;  and  the  second  of  each  couple  was 
first  treated  with  sewage  on  May  27,  after  each  of  the  first 
set  had  been  rapidly  nitrifying  for  two  weeks.  The  object 
was  to  determine  upon  what  the  beginning  of  nitrification 
depended,  —  whether  temperature,  season  of  the  year,  or 
quantity  of  stored  nitrogen. 

When  the  first  series  was  started,  April  2,  Tank  No  3a, 
which  was  started  in  January,  had  been  increasing  in  nitrates 
for  two  weeks,  having  begun  when  its  temperature  was  at 
38°  Fah.  This  is  within  two  degrees  of  the  temperature 
when  all  of  our  tanks,  started  in  the  winter,  have  begun  to 
nitrify.  The  temperature  of  the  eflluent  of  this  series  was 
46°  at  the  start,  but  the  nitrates  did  not  increase  until  three 
or  four  weeks  later,  when  the  temperature  was  53°. 

This  delay  in  nitrification  was  not,  then,  on  account  of  the 
low  temperature,  nor  was  it  entirely  due  to  the  season  of 
the  year ;  for  No.  3a,  beginning  to  nitrify  in  March,  had 
nitrates  1.0  part  in  100,000  ten  days  to  two  weeks  before 
this  series  ;  and  Tanks  Nos.  2,  3,  4,  6  and  7  were  increasing 
rapidly  in  nitrates  before  this  series  commenced. 

There  appears  to  be  required  at  this  very  favorable  season 
of  the  year  for  nitrification,  with  temperatures  of  effluent 
of  about  53°,  the  accumulation  of  nitrogenous  matter  in  the 
filter,  or,  it  may  be,  an  accumulation  of  nitrifying  bac- 
teria throughout  the  filter,  before  nitrification  begins  to 
increase. 

In  both  series  nitrification  beo;an  a  little  earlier  in  the 
filter  of  No.  1  sand  than  in  that  of  the  finer  sand,  and  in 
this  a  very  little  earlier  than  with  the  gravel.  The  latter 
had  in  each  case  been  washed,  and  possibly  the  conditions 
within  the  material  modified  thereby. 

Comparing  the  results  obtained  with  the  two  series,  the 
latter  member  of  each  couple  starting  eight  weeks  after  the 


56 


STATE   BOARD   OF   HEALTH. 


[Jan. 


former,  we  have  the  following  data  in  each,  up  to  the  time 
when  nitrates  began  to  increase  rapidly  :  — 


Number  of 
days  after 

the  first 
Sewage  was 

applied. 

Amount  of 

N  itrogen 

appliedinthe 

Sewage. 

Pounds. 

Amount  of 
N  itrogen 

which  came 
olT  in  the 
Effluent. 
Pounds. 

Difference, or 

Amount  of 

Nitrogen 

stored  in  the 

Filter. 

Pounds. 

Temper- 
ature 
of 

Effluent. 
Fah. 

No.  26, 

26 

0.0023 

0.0005 

0.0018 

54° 

No.  29 

11 

0.0010 

0.0001 

0.0009 

66° 

No.  27, 

22 

0.0078 

0.0016 

0.0062 

52° 

No.  30 

8 

0.0030 

0.0004 

0.0026 

61° 

No.  28 

26 

0.0090 

0.0020 

0.0070 

54° 

No.  31,         ..... 

8 

0.0030 

0.0003 

0.0027 

61° 

We  see  that  in  the  latter  series,  with  the  temperature  of 
the  effluent  at  63°,  the  number  of  days  after  sewage  was  first 
applied  was  between  one-half  and  one-third  as  many,  and 
the  amount  of  nitrog-en  stored  was  between  one-half  and  one- 
third  as  much,  as  in  the  former  series,  when  the  temperature 
was  53°. 

In  both  cases,  and  in  all  other  cases,  we  have  found  that 
some  stored  nitrogen  is  necessary,  before  nitrification  begins 
to  be  active  ;  and  that  the  amount  required  is  less  in  warm 
weather  than  in  cold.  It  may  be  that  the  warmer  season  is 
also  more  favorable  for  the  accumulation  of  nitrifying 
bacteria.  When  the  conditions  for  high  nitrification  are 
established,  we  have  found  the  nitrification  continues  as 
complete  through  the  cold  season  as  at  other  times  in  the 
year,  except  in  the  months  when  vegetation  grows  most 
rapidly,  and  nitrification  is  exceptionally  high. 

After  nitrification  was  well  established  in  these  two  sets 
of  tanks,  —  which  in  the  first  set  was  in  the  middle  of  May, 
and  in  the  second  the  middle  of  June,  —  some  time  was 
required  for  the  removal  of  organic  matter  before  they 
reached  an  established  condition  of  purification. 

In  the  tanks  filled  with  gravel,  the  sum  of  ammonias  in 
the  effluent  of  No.  26  in  June  was  2  per  cent,  of  those  in  the 
sewage,  and  in  July  the  sum  of  ammonias  of  both  No  26 
and  No.  29  were  but  one  and  one-quarter  per  cent,  of  those 
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of  the  sewage.  Up  to  this  time  the  amount  of  sewage  filtered 
daily  was  at  the  rate  of  10,000  gallons  per  acre. 

After  July  24,  the  quantity  filtered  was  20,000  gallons  per 
acre  per  day,  applied  in  nine  hourly  portions. 

The  average  results  in  the  month  of  Auo:ust  were  as 
follows  :  — 
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0.0218 

8.82 

1.6625 

0.0013 

9,923 

Per  cent.,          .... 

0.2ofl 

2. 

O.Tofl 

- 

- 

0.5  of  1 

This  quality  of  efiluent  continued  nearly  the  same  through 
September,  with  the  exception  of  an  increase  in  albuminoid 
ammonia  of  No.  26.  In  October  and  November  the  results 
were  not  so  good  ;  but,  with  a  continuance  of  20,000 
gallons  of  sewage  per  acre  per  day,  these  filters  of  gravel- 
stones  only  two  feet  and  nine  inches  deep,  without  having 
the  surface  disturbed  for  eight  and  seven  months,  gave 
effluents  containing  only  four  and  three  per  cent,  of  the 
organic  matter  of  the  sewage,  as  shown  by  the  sum  of 
ammonias. 

Tanks  No.  27  and  No.  30,  of  sand  like  No  1,  2.5  feet  deep, 
came  into  a  condition  of  reasonable  purification  in  two  weeks 
and  one  week  respectively,  after  reaching  the  most  active 
nitrification.  Then  their  efiluents  contained  about  two  and 
one  per  cent,  of  the  organic  matter  of  the  sewage,  as  shown 
by  the  sum  of  ammonias.  But  this  condition  was  not 
permanent,  while  the  equivalent  of  40,000  gallons  per  acre 
was  applied  at  once  on  each  of  six  days  in  the  week ; 
and  in  the  third  week  in  July  the  sum  of  ammonias  of  the 
efiluent  amounted  to  near  thirty  per  cent,  of  those  of  the 
sewage  ;  but,  by  changing  the  method  of  application  of  the 
sewage  to  the  equivalent  of  10,000  gallons  four  times  a  day, 
—  on  July  24,  — the  quality  of  the  efiluent  was  immediately 
improved,  and  through  August  and  September  we  have  the 
followino:  excellent  results  :  — 
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Sewage, 

2.1764 

0.6583 

2.8347 

7.21 

0.0000 

0.0000 

1,249,000 

Effluent  No.  27, 

0.0046 

0.0197 

0.0243 

8.12 

1.9125 

0.0002 

5,705 

Per  cent.,         .... 

0.2ofl 

3. 

0.9ofl 

- 

- 

- 

0.5  of  1 

Effluent  No.  30, 

0.0049 

0.0112 

0.0161 

8.78 

1.9687 

0.0005 

582 

Per  cent.,         .... 

0.2ofl 

1.7 

0.6ofl 

- 

- 

0.05  of  1 

This  was  a  remarkably  good  result  for  40,000  gallons  a 
day  filtering  through  a  depth  of  2,5  feet  of  coarse  sand. 
More  than  99  per  cent,  of  the  organic  matter,  and  a  still 
larger  fraction  of  the  bacteria,  were  removed  by  the  process 
of  nitrification. 

In  October  the  result  was  not  quite  so  good,  as  some 
sewage  remained  on  the  surface  ;  but,  upon  raking  over  the 
surface  once  a  week,  the  efiiuents  again  improved  to  the  con- 
dition of  August  and  September. 

Tanks  No.  28  and  No.  31,  of  finer  sand,  25  feet  deep, 
filtering  at  the  rate  of  40,000  gallons  per  acre  per  day  for 
six  days  in  the  week,  purified  in  July  to  the  extent  of 
removing  99.3  per  cent,  of  the  sum  of  ammonias  of  the 
sewage  ;  and,  after  changing  the  method  of  application  to 
four  charges  daily, —  on  July  24,  —  we  have  the  following 
averaofe  results  for  Ausfust :  — 
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Sewage, 

2.4228 

0.7786 

3.2014 

9.64 

0.0000 

0.0000 

1,931,000 

Effluent  No.  28,       .         . 

0.0042 

0.0168 

0.0210 

11.84 

2.0625 

0.0000 

70 

Per  cent 

0.2ofl 

2. 

0.7ofl 

- 

- 
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0.004  of  1 

Effluent  No.  31, 

0.0089 

0.0150 

0.02.39 

9.41 

2.3125 

0.0026 

62 

Per  cent. 

0.4ofl 

2. 

0.7ofl 

- 

- 

0.003  of  1 

For  a  short  time  in  October  the  surface  of  Tank  No.  31 
was  continually  covered  with  sewage,  but  after  the  middle 
of  the  month  both  tanks  had  their  surface  raked  over  once  a 
week,  and  a  condition  similar  to  that  of  August  continues. 

It  is  evident  that  shallow  filters,  2.5  feet  deep,  require 
more  attention  to  the  condition  of  the  surface  than  those  of 
greater   depth ;    but   the    very   complete    nitrification    and 
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removal  of  organic  matter  of  the  past  six  months  show  that, 
with  proper  care,  they  may  serve  a  very  useful  purpose. 

INTERMITTENT  FILTRATION  OF  WATER. 

The  experiments  upon  the  intermittent  iiltration  of  water 
have  been  continued  another  year,  with  interesting  results. 

With  filters  of  coarse  sand,  we  have  filtered  intermittently 
the  equivalent  of  from  200,000,000  to  300,000,000  gallons 
on  an  acre,  giving  an  entirely  colorless  and  satisfactory 
eflluent.  After  these  amounts  were  filtered,  the  efi&uent 
continued  to  be  much  improved,  but  the  color  was  not 
entirely  removed,  and  gradually  increased.  Upon  reducing 
the  quantity  daily  filtered,  and  allowing  more  air  to  enter 
the  sand,  the  color  was  reduced,  as  well  as  the  organic 
nitrogen  ;  and  we  are  seeking  the  best  method  of  treatment 
by  which  the  active  life  of  such  a  filter  may  be  lengthened. 

With  filters  of  coarse  sand,  having  a  layer  of  loam,  or  fine 
sand,  we  find  the  quantity  that  will  pass  through  is  limited  ; 
but,  with  300,000  gallons  a  day  per  acre  continued  for  three 
years,  we  have  entirely  satisfactory  results. 

Filter  Tank  No.  8. 

This  large  tank  in  the  field,  filled  with  fine  gravel  and 
coarse  and  fine  sand,  with  a  layer  of  loam  eight  inches  deep, 
having  its  upper  surface  six  inches  below  the  top  of  the 
filter,  has  continued,  through  the  year,  to  filter  1,500  gallons 
of  city  water  applied  daily  on  six  days  of  the  week.  This  is 
the  equivalent  of  300,000  gallons  daily  per  acre  for  six  days 
in  the  week. 

This  filter  has  been  filtering  city  water  constantly  for  three 
years,  giving  an  entirely  colorless  efiluent.  The  total  quantity 
filtered  is  the  equivalent  of  206,000,000  gallons  on  an  acre. 

The  average  analysis  of  the  efiluent  for  the  year  1890,  to 
the  end  of  November,  is  as  follows  :  — 

Free  ammonia,  .  .  0  0007,  or  41  per  cent,  of  that  of  applied  water. 
Albuminoid  ammonia,  0.0056,  or  45  per  cent,  of  that  of  applied  water. 
Sum  of  ammonias,  .  0.0063,  or  44  per  cent,  of  that  of  applied  water. 
Chlorine,     .         .         .0.17. 

Nitrates,  .  .  .  0.0239,  or  134  per  cent,  of  that  of  applied  water. 
Nitrites,      .         .         .  0.0000. 

Number  of  bacteria  per  cubic  centimeter,  56,  or  47  per  ceut.  of  tlie  number 
found  in  the  applied  waters. 
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The  average  analyses  for  each  month,  of  both  city  water  and  efflu- 
ent, are  given  in  the  following  table  :  — 


Monthly  Averages  of  Results  ivith  Filter  Tank  No.  8,  for  1890. 


1890. 

Dec.31,'88-Jan. 
30, '89,    . 

January,    . 


Jan.  31-Feb.  27 
February,  . 


Feb.  28-Mar.  30, 
March, 


Mar.  31-Apr.  29, 
April, 


Apr.  30-May  30, 


May  31-June  29, 
June, . 


June30-July30, 
July,  . 


July  31-Aug.  30, 
August, 


Aug.31-Sept.29, 
September, 


Sept.  30-Oct.30, 
October,     . 


Oct.  31-Nov.  29, 
November, 


City  water. 
Effluent,  . 
Per  cent.,  . 

City  water, 
Effluent,  . 
Per  cent.,  . 

City  water, 
Effluent,  . 
Per  cent.,  . 

City  water, 
Effluent,  . 
Per  cent.,  . 

City  water, 
Effluent,  . 
Per  cent.,  . 

City  water. 
Effluent,  . 
Per  cent.,  . 

City  water. 
Effluent,  . 
Per  cent.,  . 

City  water. 
Effluent,  . 
Per  cent.,  . 

City  water. 
Effluent,  . 
Per  cent.,  . 

City  water. 
Effluent,  . 
Per  cent.,  . 

City  water, 
Effluent,  . 
Per  cent.,  . 


3 
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2  c 
5" 

a^ 
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1.15 

2.55 

899 

.90 

2.42 

- 

78 

95 

_ 

1.00 

2.47 

1,072 

.92 

2.55 

- 

92 

103 

_ 

.95 

2.32 

273 

.82 

2.60 

- 

86 

112 

_ 

1.28 

2.54 

761 

.96 

2.70 

- 

75 

106 

_ 

1.03 

2.20 

971 

.80 

2.60 

- 

77 

118 

1,129 

_ 

- 

1,267 

: 

: 

1,213 

- 

- 

1,195 

- 

: 

1,036 

~ 

~ 

825 

- 

- 

- 

- 
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.0011 
.0004 


.0015 
.0009 


.0029 
.0008 


.0017 
.0010 


.0013 
.0010 


.0019 
.0010 


.0020 
.0005 


.0032 
.0010 


.0017 
.0005 


.0007 
.0003 


.0007 
.0005 


.0105 
.0059 


.0108 
.0055 


.0125 
.0071 


.0128 
.0067 


.0118 
.0059 


.0140 
.0066 


47 


.0132 
.0044 


.0116 
.0063 


.0123 
.0064 


.0154 
.0079 


.0145 
.0077 


.0159 
.0076 


48 


33 


.0152 
.0058 


.0128 
.0060 


.0127 
.0036 


28 


.0114 
.0048 


.0152 
.0049 


.0184 
.0068 


37 


.0145 
.0055 


38 


.0134 
.0039 


.0121 
.0053 


Nitrogen 

s 
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o 

AS 

1 

.19 

.0120 

.0000 

.19 

.0230 

.0000 

- 

192 

- 

.18 

.0150 

.0000 

.18 

.0205 

.0000 

- 

137 

- 

.17 

.0140 

.0000 

.17 

.0210 

.0000 

- 

150 

- 

.16 

.0144 

.0000 

.15 

.0286 

.0000 

- 

129 

- 

.13 

.0175 

.0000 

.13 

.0335 

.0000 

- 

191 

- 

.13 

.0160 

.0000 

.13 

.0240 

.0000 

- 

150 

- 

.20 

.0264 

.0000 

.20 

.0260 

.0000 

- 

100 

- 

.22 

.0232 

.0000 

.22 

.0232 

.0000 

- 

100 

- 

.18 

.0230 

.0000 

.18 

.0218 

.0000 

- 

95 

- 

.17 

.0146 

.0000 

.18 

.0187 

.0000 

- 

128 

- 

.16 

.0212 

.0000 

.18 

.0225 

.0000 

- 

106 

- 

39° 
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The  removal  of  organic  nitrogen  in  the  last  three  months  is 
more  complete  than  in  the  first  three  months,  and  is  the 
same  as  in  the  corresponding  three  months  of  last  year. 

The  number  of  bacteria  in  the  effluent,  in  all  but  one 
month,  has  averaged  six  per  cubic  centimeter;  and  it  is 
probable  that  none  came  down  through  the  filter. 

The  effluent  has  been,  as  in  the  previous  years,  a  clear, 
bright,  colorless  spring  water. 

Filter  Tank  JVo.  18a. 

Filter  Tank  No.  18a  is  the  iron  tank  formerly  No.  18, 
which,  in  July,  1889,  was  refilled  with  coarse  and  fine  gravel- 
stones  to  the  depth  of  three  inches,  above  which  was  a  depth 
of  five  feet  of  coarse  sand  like  that  of  Tank  No.  1. 

From  August  13  to  September  17,  this  sand  was  treated 
with  one  gallon  or  one-half  a  gallon  of  water,  containing 
aluminum  sulphate  on  one  day,  and  sodium  carbonate  the 
next,  by  which  about  nine  ounces  of  alumina  was  precipi- 
tated within  the  sand  and  remained  there. 

After  Oct.  5,  1889,  no  water  was  applied  until  .Ian.  29, 
1890;  but  from  this  time  the  equivalent  of  1,000,000  gal- 
lons of  city  water  a  day,  for  six  days  in  the  week,  was 
applied  until  the  end  of  October,  1890.  The  water  was 
applied  at  hourly  intervals,  in  a  little  less  than  one  minute, 
fourteen  times  a  day.  It  disappeared  from  the  surfiice 
immediately. 

The  color  of  the  applied  water  was  entirely  removed  until 
the  last  of  September. 

The  monthly  averages  of  analyses  of  the  applied  city 
water,  and  of  the  effluent,  are  contained  in  the  followins: 
table  :  — 
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Monthly  Averages  of  Results  with  Filter  Tank 
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.95 
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.17 

.0140 

.0000 

40° 

148 
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76 

46 

51 

- 
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City  water. 

- 

.35 

1.28 

2.54 

.0017 
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.0145 
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.0144 
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April, 
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43 

.00 

.74 

2.14 

.0014 
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- 
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84 

82 

41 
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- 
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.0081 
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.0148 

.17 

.0181 

.0000 

54° 

127 

Effluent,    . 
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- 
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68 

51 

53 

- 
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- 

- 
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Durms:  the  nine  months  we  see  that  the  nitrates  of  the  effluent 
have  averaged  higher  than  of  the  applied  water  by  14  per  cent., 
although  there  were  two  months,  July  and  August,  when  they  were 
lower.  The  most  of  the  water  was,  during  the  day,  about  three 
hours  in  passing  through  the  sand,  and  this  time  has  been  sufficient 
for  satisfactory  nitrification  to  take  place,  although  not  so  complete 
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nitrification  as  with  Tank  No.  8.  The  free  ammonia  of  the 
effluent  has  heen  68  per  cent,  of  that  of  the  applied  water, 
and  the  albuminoid  ammonia  has  been  reduced  to  51  per 
cent,  of  that  of  the  applied  water. 

The  great  reduction  in  the  organic  nitrogen,  as  shown  by 
the  albuminoid  ammonia,  and  the  conversion  of  this  into 
nitrates,  is  the  important  step  in  purification,  and  this  was 
much  more  completely  accomplished  in  the  first  three  months 
than  in  those  that  follow.  In  the  first  three  months  the 
albuminoid  ammonia  of  the  water  was  reduced  from  0.0120 
parts  to  0.0046  parts,  or  to  38  per  cent.,  while  in  the  last 
three  months  it  was  reduced  from  0.0135  parts  to  0.0078 
parts,  or  to  58  per  cent.  It  was  evident  that,  although  this 
filter  of  very  coarse  sand,  in  which  had  been  precipitated  a 
small  amount  of  alumina,  had  very  satisfactorily  filtered  the 
equivalent  of  234,000,000  gallons  of  water  upon  an  acre  in 
nine  months,  it  was  at  that  time  deteriorating ;  and  the  sand 
will  now  be  .subjected  to  the  precipitation,  throughout  its 
mass,  of  another  small  amount  of  alumina,  to  determine 
whether  this  is  the  element  which  enabled  it  to  give  so  good 
results  for  so  long  a  time. 

The  Laboratory  Work. 

The  laboratory  work  at  the  Lawrence  Experiment  Station, 
during  the  past  year,  has  consisted  mainly  of  the  examina- 
tion of  about  two  thousand  samples  of  sewage,  water  and 
sand.  A  new  laboratory  building,  completed  in  July,  gives 
greatly  improved  facilities  for  work,  and  includes  a  well- 
equipped  biological  department. 

During  the  year  a  few  changes  have  been  made  in  the 
methods  of  analysis,  the  most  important  of  which  are  a 
greatly  improved  method  of  determining  nitrates,  and  a  more 
delicate  method  of  measuring  colors.  The  systematic  deter- 
mination of  loss  on  ignition  has  been  discontinued,  and  the 
determination  of  oxygen  consumed  from  potassium  perman- 
ganate has  been  adopted,  a  long  series  of  experiments,  given 
in  the  report  now  being  published,  having  shown  that  the  loss 
on  ignition  gives  much  too  high  results  for  organic  matter,  in 
presence  of  the  high  nitrates  of  our  etHuents,  even  when 
made  with  the  use  of  sodium  carbonate,  and  making  dedue- 
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tion  of  the  amount  that  the  salts  present  would  lose  if  quite 
free  from  organic  matter.  This  additional  loss  is  due  to  the 
fact  that,  in  burning,  the  organic  matter  takes  a  portion  of 
the  oxygen,  necessary  for  its  combustion,  from  the  nitrates 
present,  reducing  them  to  nitrites  and  carbonates.  The 
loss  in  weight  thus  includes,  with  the  organic  matter,  the 
weight  of  a  large  portion  of  the  oxygen  required  for  its 
combustion. 

The  oxygen  consumed  shows  the  relative  quantities  of 
oxidizable  organic  matter,  but  not  its  total  amount.  The 
comparative  results  are  most  satisfactory,  being  far  more 
regular  than  the  loss  on  ignition,  and  in  general  unaffected 
by  the  presence  of  large  quantities  of  mineral  matter. 

By  the  aid  of  the  new  nitrate  process,  it  has  been  found 
that  there  is  no  loss  of  nitrogen  by  the  nitrification  of  an 
ammonia  solution  applied  to  sand  ;  and  very  little,  if  any, 
loss  in  the  presence  of  a  large  amount  of  common  salt.  In 
the  presence  of  sugar,  however,  there  is  a  considerable 
percentage  of  nitrogen  unaccounted  for,  probably  given  off 
as  free  nitrogen  ;  and  it  seems  probable  that  the  presence 
of  carbonaceous  substances,  more  or  less  similar  to  sugar, 
causes  the  loss  of  nitrogen  which  has  been  observed  in 
sewage  filtration. 

The  Biological  Work. 

The  biological  work  of  the  Lawrence  Experiment  Station  has 
been  steadily  continued  throughout  the  year.  A  systematic 
and  extended  examination  of  the  ice  supplies  of  the  Common- 
wealth was  concluded  early  in  the  year,  and  forms  a  portion 
of  a  special  report  to  the  last  Legislature. 

During  the  summer  of  1890  an  investigation  of  the  public 
wells  of  Massachusetts  was  undertaken,  and  many  important 
facts  were  brought  to  light ;  but,  for  the  full  understanding 
and  final  sanitary  interpretation  of  the  results  already 
obtained,  it  will  be  necessary  to  continue  the  work  for  at 
least  another  year. 

Special  studies  of  the  micro-organisms  of  sewage  have 
been  made  during  the  year,  and,  in  part,  brought  to  a  suc- 
cessful conclusion.  As  a  result,  a  number  of  important  but 
hitherto  obscure  organisms  have  been  fully  studied,  classified 
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and  photographed.  Our  knowledge  of  the  true  nature  of 
sewage  has  thus  been  advanced,  and  a  step  taken  which  is 
important  and  necessary  in  making  much-desired  investiga- 
tions upon  the  relations  of  disease  germs  to  sewage. 

The  necessary  preliminar}'  steps  have  also  been  taken  for 
a  thorough  examination  of  the  behavior  of  the  germ  of 
typhoid  fever  in  sewage  and  in  drinking  waters  ;  and  it  is 
hoped  that  during  the  coming  year  highly  important  practical 
conclusions  may  be  arrived  at  in  this  very  important  subject. 

By  the  work  of  the  past  year  new  light  has  been  thrown, 
also,  upon  the  question  of  sewage  purification,  and  the 
disposal  of  organic  waste  materials  by  soils  and  waters,  in 
an  elaborate  series  of  experiments  continued  since  the 
autumn  of  1888  by  the  biologists  and  chemists  of  the  Board. 
It  has  long  been  known  that  micro-organisms  are  the 
indispensable  agents  of  this  process  of  nitrification  ;  but  it  is 
only  within  the  year  that  a  more  intimate  and  specific 
knowledge  of  these  organisms  and  the  conditions  of  their 
activity  have  been  obtained.  During  1890,  however,  a 
single  worker  in  France  and  two  in  Eno;land  have  announced 
great  advances  in  this  direction.  Almost  simultaneously 
the  experts  of  the  Board  arrived  at  confirmatory  results,  the 
first  of  the  kind  obtained,  as  yet,  in  America.  These  results 
are  presented  in  Part  II.  of  Eeport  on  Water  Supply  and 
Sewerage,  just  issuing  from  the  press. 

Eecommendations  . 

There  are  many  questions  concerning  the  periodical  recur- 
rence of  disagreeable  tastes  and  odors  in  some  of  the  public 
drinking  supplies  of  the  State,  and  the  effects  of  droughts 
and  long-continued  covering  by  ice  of  ponds  and  rivers, 
somewhat  polluted  by  sewage,  which,  in  the  judgment  of  the 
Board,  should  be  carefully  studied  in  continuation  of  the 
work  already  accomplished. 

The  Board  recommends  the  continuance  of  experiments 
upon  intermittent  filtration  of  surface  waters  and  of  sewage ; 
the  continuance  of  the  work  already  commenced  upon  wells 
used  by  the  public ;  and  the  investigation  of  the  character 
of  some  of  the  spring  waters  that  are  sold  in  many  of  the 
cities.. 
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For  these  purposes,  and  to  make  the  necessary  investiga- 
tions in  order  to  advise  cities,  towns,  corporations  and 
individuals  in  regard  to  the  best  method  of  assuring  the 
purity  of  intended  or  existing  water  supplies,  and  the  best 
method  of  disposing  of  sewage,  and  to  carry  out  the  other 
provisions  of  chapter  375  of  the  Acts  of  1888,  the  Board 
estimates  that  the  sum  of  $27,000  will  be  required. 

HENRY   P.    WALCOTT, 
JULIUS   H.   APPLETON, 
ELIJAH  U.   JONES, 
JOSEPH   W.    HASTINGS, 
HIRAM    E.    MILLS, 
FRANK   ^Y.   DRAPER, 
JOHNM.    RAYMOND, 

State  Board  of  Health. 


EXAMINATIONS  OF  WATER  SUPPLIES 
AND  RIVERS. 


WATER    SUPPLIES. 


EXAMINATION  OF  WATEE  SUPPLIES. 


EXPLANATORY  NOTE. 

The  folloAving  tabulation,  giving  chemical  and  biological  examinations  of  many 
of  the  sources  of  water  supply  in  the  State  and  a  description  of  works  completed 
in  the  latter  part  of  1889  and  in  1890,  is  a  continuation  of  a  similar  tabulation  con- 
tained in  Part  I.  of  a  special  report  of  the  Board  on  Water  Supply  and  Sewerage, 
published  in  1890.  An  alphabetical  arrangement  by  towns  has  been  adopted  as  in 
Part  I.  of  the  special  report. 

The  chemical  examinations  given  in  this  report  were  made  in  the  same  manner 
as  heretofore  ;  but  a  slight  change  is  made- in  the  form  in  which  they  are  presented 
in  the  tables.  In  the  special  report  the  figures  in  common  type  indicated  deter- 
minations made  upon  the  water  as  received  in  the  laboratory ;  that  is  to  say,  they 
included  the  suspended  matters  and  sediment,  while  the  figures  in  heavy-faced  type 
indicated  determinations  made  on  the  water  after  it  had  been  filtered  through 
paper.  In  the  present  volume,  owing  to  the  adoption  of  uniform  rules  regarding 
the  filtration  of  the  water  and  the  re-arrangement  of  the  form  of  the  table,  this 
distinction  is  rendered  unnecessary.  All  waters  containing  suspended  matter  are 
now  filtered  before  determining  the  residue  on  evaporation,  and  an  additional  col- 
umn is  provided  in  the  tables  to  show  the  albuminoid  ammonia  as  determined 
after  filtering.  This  column  is  headed  "  dissolved  albuminoid  ammonia,"  and  the 
figures  in  it  correspond  to  those  in  heavy-faced  type  under  the  heading  "  albumi- 
noid ammonia  "  in  the  special  report. 

Other  changes  have  been  made  by  adding  one  column  to  contain  the  hardness 
of  the  water,  and  another  the  suspended  albuminoid  ammonia  which  is  found 
to  have  much  significance  and  could  only  be  obtained  in  the  special  report 
by  subtracting  the  heavy-faced  figures  in  the  column  of  albuminoid  ammonia 
from  those  in  common  type. 

A  few  cases  will  be  noted  in  the  tabulated  results  in  which  one  or  more  chemi- 
cal determinations  differ  somewhat  widely  from  others  in  the  series.  Such  a  con- 
dition of  the  water  might  result  from  floods  or  other  unusual  disturbance  of  a 
stream,  or  from  carelessness  in  collection ;  or  an  error  may  have  been  made  in  the 
analysis.  In  such  cases  the  determination  has  been  underlined  and  has  not  been 
included  in  the  average. 

The  color  of  waters  is  expressed  by  numbers,  which  increase  with  the  amount 
of  color.  Water  having  a  color  of  1.0  is  a  decided  yellowish-brown  when  seen  in 
small  bulk,  as  in  a  tumbler. 

The  tables  contain  analyses  from  June  1,  1889,  to  Dec.  31,  1890,  a  period  of 
nineteen  months,  which  includes  two  summers  and  autumns  and  only  one  spring. 
It  is  obvious  that  the  average  of  monthly  examinations  for  this  time  does  not 
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rejDresent  the  mean  yearly  composition  of  the  water ;  and  this  should  be  borne 
in  mind  in  making  comparisons  with  former  averages  which  usually  rej)resented 
exactly  one  or  two  years  of  monthly  observations. 

In  the  microscopical  examination  of  the  waters  a  marked  change  has  been  made. 
In  fact  there  has  been  fi'om  time  to  time  a  decided  advance  in  the  accuracy  of  the 
methods  emi^loyed  for  determining  quantitatively  the  number  of  organisms  con- 
tained in  the  water. 

The  regular  microscopical  examination  of  all  samples  of  water  received  at  the 
laborator}^  was  begun  in  March,  1888.  At  that  time  two  hundred  cubic  centi- 
meters of  water  Avere  filtered  through  cloth,  using  the  method  described  on  j)ages 
-581  and  582  of  Part  I.  of  the  special  report.  The  different  genera  were  determined 
and  their  relative  abundance  was  ascertained  approximately  and  indicated  by  the 
adjectives  "  few,"  "  several,"  "  abundant,"  and  "  very  abundant." 

After  June  5,  1888,  although  the  same  method  of  filtration  was  used  greater 
care  was  taken  to  determine  the  number  of  organisms  of  each  kind  removed  from 
the  tv/o  hundred  cubic  centimeters  of  water,  and  the  results  were  recorded  in 
figures  showing  the  number  found.  The  method  of  filtration  adopted  was  defec- 
tive in  that  it  did  not  permit  all  of  the  organisms  contained  in  the  water  to  be 
transferred  to  the  slide  of  the  microscope  for  examination,  and  the  figures  do 
not,  therefore,  rej)resent  more  than  a  part  of  the  total  number  of  organisms  in 
two  hundred  cubic  centimeters  of  water.  This  method  was  used  until  June  1» 
1889,  and  consequently  applies  to  all  microscopical  examinations  recorded  in  Part 
I.  of  the  special  report. 

The  results  tabulated  in  the  present  volume  have  been  obtained  in  all  cases  by 
filtering  the  water  through  sand.  Tavo  methods  have  been  used.  The  first  was 
adopted  on  June  1, 1889,  and  was  used  without  material  change  until  Nov.  6, 1890, 
when  an  important  improvement  was  made  by  which  a  much  larger  propoi*- 
tion  of  the  organisms  could  be  counted.  Both  of  these  sand  methods  are  fully 
described  in  Part  II.  of  the  special  rejDort,  on  pages  806-811.  The  imj)roved 
method  is  known  as  the  Sedg wick-Rafter  method. 

It  will  be  seen  from  the  above  statements  that  three  methods  in  all  have  been 
employed  in  which  the  number  of  organisms  observed  is  expressed  in  figures,  but 
that  these  figures  represent  a  different  j^roportion  of  the  whole  number  of  organ- 
isms contained  in  the  water.  It  would  be  desirable  to  indicate  the  proportionate 
number  obtained  by  each  method  ;  but  this  cannot  be  done  with  accuracy,  mainly 
on  account  of  the  great  variation  in  the  results  obtained  from  time  to  time  by  the 
first  two  methods. 

It  may  be  said  in  a  general  way  that  the  number  of  organisms  observed  by  the 
original  sand  method  is  several  times  that  observed  by  the  cloth  method  ;  and  that 
the  nvimber  observed  by  the  Sedgwick-Raf  ter  method  is  also  several  times  (probably 
from  two  to  four  times)  that  observed  by  the  original  sand  method.  The  improve- 
ment in  methods  has  resulted  not  only  in  an  increase  in  the  total  number  of 
organisms  found  in  a  given  water,  but  also  in  the  number  of  genera. 

Some  changes  have  also  been  made  in  the  classification  of  the  organisms. 
The  plants  which  were  in  Part  I.  divided  into  three  groups,  as  Cyanoijhyceas, 
other  Algre  and  Fungi,  are  in  this  volume  classified  in  four  groups,  namely : 
Diatomacete,  Cyanophycece,  Algte  and  Fungi.  The  animals  which  were  not 
divided  into  groups  in  Part  I.  are  in  this  report  grouped  as  Rhizopoda,  Infusoria, 
Vermes,  Crustacea  and  Porifera. 
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The  results  are  ijublislied  in  the  present  volume  in  much  greater  detail  than 
before.  The  names  of  the  different  genera  in  each  group  ai-e  given  with  the 
numbers  of  each,  except  when  they  Avere  present  only  in  very  small  numbers. 
It  is  not  feasible  to  make  a  single  ru^le  regarding  omissions  to  apply  to  all  cases, 
because  it  is  desirable  to  include  smaller  numbers  of  animals  than  of  plants,  and 
of  the  larger  animals  than  of  animals  generally ;  moreover,  there  are  exceptional 
cases  in  which  it  is  desirable  to  indicate  the  presence  of  even  small  numbers  of  the 
more  important  jDlants  or  animals.  Two  general  rules,  however,  have  been 
adopted  as  to  the  results  to  be  j)rinted,  as  follows  :  — 

1.  All  genera  of  plants  to  be  included  in  which  the  number  obsei'ved  in  nineteen 
months  aggregates  9.5  ]Der  cubic  centimeter  or  more ;  that  is  to  say,  more  than  an 
average  of  0.5  per  month. 

2.  All  genera  of  animals  to  be  included  in  which  the  number  observed  in  nine- 
teen months  aggregates  2.5  per  cubic  centimeter  or  more. 

The  larger  animals,  such  as  the  larger  genera  of  Crustacea,  are  included  even 
when  present  only  in  very  small  numbers. 

Fractions  are  omitted  from  the  table,  the  nearest  whole  number  of  organisms 
per  cubic  centimeter  being  given.  .  Where  the  number  is  0.5  or  less,  the  fact  that 
the  organism  was  present  is  indicated  by  the  abbreviation  pr. 
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EXAMINATION  OF  WATEE  SUPPLIES. 


Water  Supply  of  Ada3is. 

Chemical  ExammcUion  of  Water  from  Bassett  Brook  Storage  Reservoir,  Adams 

[Parts  per  100,000.] 


Date  of        ' 

Appeara>-ce. 

3 

Ammonia. 

NiTEOGEN 
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"C 
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1 
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c 
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g 

g 

o 
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18 

90. 

5988 

May  15 

May  17 

Very  slight. 

None. 

0.0 

2.90 

.0000 

.0040 

.10 

.0350 

.0000 

1.9 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  town. 

Microsco2ncal  Examination. 

DlSitomsLcess:,  Aster ionella, '2;    Si/nedra,  pr.    A\gx,  Chlorococciis,  i;    Clo sterium,  -pr.    Total  organ- 
isms,  7. 

Water  Supply  of  Andover. 
Description  of  Wo7'ks. — Population  in  1890,  6,142.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  March,  1890. 
The  amount  of  water  used  near  the  end  of  the  year  was  about 
150,000  gallons  per  day.  The  source  of  supply  is  Plaggett's  Pond 
in  Andover,  about  three  miles  west  of  the  village.  The  area  oj 
this  pond  is  about  160  acres.  Its  drainage  area  of  about  2.4  square 
miles  is  generally  sandy,  and  contains  a  very  small  population. 
There  are  two  picnic  groves  on  the  shores  of  the  pond.  Water  is 
pumped  from  the  pond  to  a  distributing  reservoir  located  south-east 
of  and  near  the  village.  This  reservoir  is  circular  in  shape,  110 
feet  in  diameter  at  the  bottom  and  149  feet  in  diameter  at  high- 
water  level.  Its  depth  at  high  water  is  13  feet  and  its  capacity 
1,290,000  o;allons.     The  bottom  of  the  reservoir  is  covered  with  a 

7  7  O 

six-inch  layer  of  cement  concrete,  and  the  sides  are  protected  by 
granite  block  paving  laid  on  a  bedding  of  broken  stone.  Distrib- 
uting mains  are  of  cast  iron.     Service  pipes  are  of  lead. 
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AXDOVER. 

Chemical  Exammation  of  Water  from  HaggeWs  Pond,  Andover. 

[Parts  per  100,000.] 


Date  op 
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4909 

18 

Dec.    7 

Dec.    7 

18 

July    5 

88. 

89. 

July    6 

V.sl't. 

Sl.gr'n 

0.10 

5.85 

2.70 
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.0198 

.0170 

.0028 

.0040 

.0001 

1.1 

Odor  of  No.  4909,  distinctly  vegetable ;   disappears  on  heating. The  samples  were  collected  from 

the  pond.  No.  3679  was  collected  near  the  northerly  shore,  near  where  a  small  stream  enters  the  pond ; 
No.  3680  was  collected  about  200  yards  farther  east,  along  the  same  shore;  No.  4909  was  collected  500 
feet  from  shore,  opposite  the  proposed  pumping  station. 

Microscopical  Examination. 

No.  4909.  Diatomace»,  J/g^o.sJra,  4;  SynecJra,^r.  Cyanophycese,  ^na6ce««,  19;  Aphanocapsa,^; 
Chroococcus,  15.  Algee,  Ohlorococcus,  67.  Rhizopoda,  Difflugia,  pr.  Infusoria,  Ciliated  infusorian, 
pr.    Total  organisms,  115. 

Water  Supply  or  Arlington. 

.  Chemical  Examination  of  Water  from  the  Storage  Reservoir,  Arlington. 

[Parts  per  100,000.] 


Residue  on 
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yell'w. 

0.60 

6.65 

2.50 

.0000 

.1836 

.0430 

.1406 

.65 

.0070 

.0000 

2.5 

Odor,  none;  when  heated,  strongly  grassy. The  sample  was  collected  from  the  reservoir  at  a 

time  when  there  was  much  complaint  of  the  unsatisfactory  quality  of  the  water. 

Microscoxncal  Examiiiation. 

Diatomacese,  3/eto.S2m,  496;  Synedra,  10;  Tabellaria,  24.  Cyanophycese,  Anabmia,  IZ^I;  Apha- 
nocapsa,  812;  Ccelosphcerium,  1208.  Algse,  Pediastrum,  40;  Polyedrium,  8;  Scenedesnius,2i:;  Stem 
raHrum,%;   Sorastrum,  S.    Total  organisms,  4030. 

Chemical  Examination  of  Water  from  a  Faucet  in  Arlington, 

[Parts  per  100,000.] 
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1890. 

6506 

Sept.  11    Sept.  11 

Dis.,.  milky. '  Very  slight. 

0.50 

8.10 

.0338 

.0232 

.64 

.0080 

.0001 

4.2 

Odor,  faintly  vegetable. The  s.-imple  was  collected  from  a  faucet  in  the  village,  2J  miles  from 

the  filter-gallery. 

Microscopical  Examination . 

Diatomacese,  i)/eto.9ircr,  23;  S!/ned7'a,l.    Cyanophyceai,  Clat/trocysiis,  4;  Ccelosphcerium,  2.    Fungi, 
Crenothrix,  3.    Total  organisms,  33. 
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ASHBUENHAM. 

Chemical  Examination  of  Water  from  Upper  Naukeag  Pond  in  Ashburnham, 


[Parts  per  100,000.] 

Residue  on 

Date  of 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

tion. 

AS 

c 

Albuminoid. 

^5 

3 

S 

u 

. 

5, "5 

o 

« 

■a 

■d 
■a 

'u 

i> 

■g 

^ 

o 

a 

H 

03 

o 

c-t 

j" 

^ 

^ 

5 

CO 

J3 

^ 

'A 

«.; 

18  90. 

6378 

Aug.    7 

Aug.    7 

V.  sl't. 

V.sl't. 

0.02 

1.85 

0.85 

.0000 

.0162 

.0128 

.0034 

.08 

.0050 

.0000 

0.3 

6379 

Aug.   7 

Aug.   7 

V.sl't. 

Slight. 

0.03 

3.00 

2.15 

.0006 

.0140 

.0102 

.0088 

.08 

.0050 

.0000 

0.3 

Odor,  none. The  samples  were  collected  from  the  pond;    TSo.  6378  about  1  foot  below  the 

surface;  No.  6379  about  15  feet  below  the  surface. 


Microscopical  Examination. 

No.  6378.  Diatomacefe,  Asterionella,  4;  Tabellaria,  4.  Algae,  Chlorococcus,  i;  Staurastrum,  pr. 
Infusoria,  Z'irao6r2/ow,  pr. ;  Pe?'idinium,  8;  Trachelomonas,^r.    Total  organisms,  20. 

No.  6379.  Diatomaceee,  Asterionella,  2;  Tabellaria,  pr.  Cyanophycese,  Anabcena,  pr.  Algse, 
Chlo7'ococc2is,  5;  Ccelastnira ,  pr.;  Pandorina,  pr.  Infusoria,  Z)!?io6?'!/o?i,  1;  Peridinium,  pr.  Vermes, 
A7iurea,  pr.    Crustacea,  Cyclops,  pr.    Total  organisms,  11. 


I 


Water  Supply  of  Attleborough  Fire  District, 
Attleborough. 

Chemical  Examination  of  Water  from  the  Well  of  the  Attleborough  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

=  > 

Ammonia. 

6 

a 

3 
o 

Nitrogen 

AS 

a 
1 

"3 

3 

>> 

H 

1 
■3 
CO 

u 

o 
"o 
Q 

i 

•6 
o 

< 

1   ■ 

§ 

a)         i 
3 

w 

5982 
5983 

18 

May  15 

May  15 

90. 

May  15 

May  15 

Sli't,  milky. 
Slight. 

Sli't,  earthy. 
None. 

0.03 
0.03 

10.40 
12.20 

.0026 
.0004 

.0026 
.0010 

1.07 
1.22 

.1750 
.0300 

.0015 
.0038 

i 

Odor,  none. Sample  No.  5982  was  collected  from  the  large  well;  sample  No.  5983  from  a  tubular 

well  sunk  in  the  bottom  of  the  large  well. 


Microscopical  Examination. 


No.  5982.    Fungi,  Crenothrix,  10. 
No.  5983.    No  organisms. 


Water  Supply  or  Avox. 
Description  of  Works.  — Population  in  1890,  1,384.     The  works 
are  owned  by  the  town.     Water  wsls  introduced  early  in  1890  and 
in  December  of  that  year  there  were  127  water  takers.     The  source 
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Avoisr. 


of  supply  is  a  large  well  20  feet  in  diameter  and  22  feet  in  depth, 
located  about  15  feet  from  Porter's  Spring  near  the  centre  of  the 
town  and  just  south  of  the  village.  The  well  is  lined,  down  to  within 
6  feet  of  the  bottom,  with  a  brick  wall,  12  inches  in  thickness  laid 
in  cement.  The  lower  portion  is  lined  with  a  heavy  rubble  wall  laid 
dry.  The  well  is  covered  to  exclude  the  light.  Water  is  pumped 
from  the  well  to  an  open  iron  tank  20  feet  in  diameter  and  90  feet 
in  height.  Distributing  mains  are  of  cast  iron.  Service  pipes  are 
of  wrouo-ht  iron  lined  with  cement. 

Water  Supply  of  Ayee. 

Chemical  Examination  of  Water  from  the  Well  of  the  Ayer  Water  Works. 


[Parts  per  100,000.] 

Date  of 

Appeabance. 

.2 

s  s, 

c  > 
a 

Ammonia. 

3 
5 

jSTITROGEN 
AS 

u 

s 

o 
O 

>> 

is 

IS 

1 

o 
o 
O 

2 

< 

1 
52i 

2 

■a 

6526 
6528 

18 
Sept.  17 

Sept.  17 

00. 

Sept.  18 

Sept.  18 

None. 
None. 

None. 
None.          •> 

0.0 
0.0 

5.60 
5.40 

.0000 
.0000 

.0014 
.0012 

.32 

.0900 
.0600 

.0000 
.0000 

3.1 

Odor,  none. Sample  No.  6526  was  collected  from  a  faucet  at  the  pumping  station,  while  pump- 
ing; No.  6528  from  a  faucet  at  the  store  of  J.  R.  Gray,  about  midway  between  the  pumping  station 
and  the  reservoir. 

Mic7'osco2oical  Examination. 

No.  6526.    'Fxm^i,  C7'enothrix,  \.    Intnsoria.,  Peridiniuni,\.    Total  organisms,  2, 
No.  6528.    No  organisms. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Ayer 

Water  Works. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

s 

o2 

Ammonia. 

s 
1 
3 

Nitrogen 
as 

J2 
S 

'A 

S 
O 

^5 

3 

3 
■3 

CO 

c 

o 
§ 

^ 

'3 

< 

1 

1 

1 

6527 

18 

Sept.  17 

90. 

Sept.  18 

Sli't,  green. 

Sli't,  green. 

0.0 

5.90 

.0000 

.0062 

- 

.0400 

.0000 

8.0 

Odor,  none. The  sample  was  collected  from  the  reservoir,  which  had  been  cleaned  and  re-filled 

Sept.  10,  1890.    Previous  to  being  cleaned,  the  reservoir  had  given  trouble  on  account  of  an  excessive 
growth  of  organisms. 

Microscopical  Exaviinalion. 

Algse,  Chlorococcus,  2;   Scenedesmus,  ■i.    Infusoria,  Per jrfjniww,  4.    Total  organism     10. 
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Water  Supply  of  Boston. 


Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Cold  Spring 
Brook,  at  Head  of  Beservoir  No.  4,  in  Ashland. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 

Amjionia. 

Nitrogen 

tion. 

A 

5 

Albuminoid. 

1 

S 

o 
Q 

3 

S 

c 
Q 

o 

5  ii 

3 

& 

"a 
o 

Eh 

■d 
o 

5 

02 

6 

c 

S 

6 

1 
g 

g 

■3 

s 

18 

89. 

4772 

June 

4 

June 

5 

Slight. 

Slight. 

2.70 

5.50 

3.00 

.0038 

.0454 

.0410 

.0044 

.19 

.0040 

.0001 

1.6 

4887 

July 

1 

July 

2 

V.sl't. 

V.sl't. 

1.30 

- 

- 

.0050 

.0336 

.0322 

.0014 

.27 

.0040 

.0002 

- 

6012 

Aug. 

5 

Aug. 

6 

V.sl't. 

V.sl't. 

3.50 

- 

- 

.0024 

.0714 

.0642 

.0072 

.22 

.0020 

.0000 

- 

5131 

Sept. 

3 

Sept. 

4 

None. 

V.sl't. 

2.30 

- 

- 

.0020 

.0368 

.0364 

.0004 

.35 

.0050 

.0001 

- 

5209 

Oct. 

2 

Oct. 

3 

V.  sl't. 

V.sl't. 

2.50 

- 

- 

.0016 

.0380 

.0354 

.0026 

.34 

.0020 

.0001 

- 

5292 

Nov. 

4 

Nov. 

5 

V.sl't. 

V.sl't. 

1.90 

- 

- 

.0024 

.0344 

.0336 

.0008 

.32 

.0050 

.0000 

- 

5393 

Dec. 

2 
18 

Dec. 
90. 

3 

V.sl't. 

V.sl't. 

1.50 

- 

- 

.0004 

.0272 

.0264 

.0008 

.26 

.0170 

.0000 

- 

5493 

Jan. 

2 

Jan. 

3 

None. 

V.sl't. 

0.90 

- 

- 

.0016 

.0192 

.0178 

.0014 

.27 

.0220 

.0000 

- 

5575 

Feb. 

3 

Feb. 

4 

V.sl't. 

Slight. 

0.75 

- 

- 

.0000 

.0168 

.0132 

.0036 

- 

.0090 

.0001 

- 

5727 

Mar. 

3 

Mar. 

4 

V.sl't. 

Cons. 

0.75 

- 

- 

.0000 

.0200 

.0180 

.0020 

.24 

.0150 

.0002 

- 

5827 

Apr. 

1 

Apr. 

2 

V.sl't. 

V.sl't. 

0.70 

- 

- 

.•0008 

.0184 

.0156 

.0028 

.22 

.0070 

.0000 

- 

5924 

May 

1 

May 

2 

Slight. 

Slight. 

1.20 

- 

- 

.0024 

.0272 

.0244 

.0028 

.23 

.0090 

.0000 

- 

6018 

June 

2 

June 

3 

V.sl't. 

Slight. 

1.80 

5.20 

2.55 

.0012 

.0322 

.0290 

.0032 

.20 

.0100 

.0000 

- 

6147 

July 

1 

July 

2 

Slight. 

Slight. 

0.90 

4.20 

- 

.0030 

.0318 

.0310 

.0008 

.21 

.0030 

.0001 

1.4 

6341 

Aug. 

4 

Aug. 

5 

V.sl't. 

Slight. 

0.30 

5.10 

3.00 

.0024 

.0272 

.0222 

.0050 

.22 

.0070 

.0002 

1.1 

6453 

Sept. 

2 

Sept. 

3 

Slight. 

Slight. 

0.35 

3.95 

1.25 

.0002 

.0234 

.0178 

.0056 

.24 

.0050 

.0001 

1.7 

6549 

Oct. 

1 

Oct. 

2 

Slight. 

Slight. 

0.50 

3.80 

1.45 

.0000 

.0200 

.0146 

.0054 

.25 

.0050 

.0001 

1.4 

6672 

Nov. 

4 

Nov. 

5 

None. 

V.sl't. 

1.60 

4.80 

2.05 

.0004 

.0294 

.0266 

.0028 

.30 

.0060 

.0001 

1.7 

6771 

Dec. 

1 

Dec. 

2 

V.  sl't. 

V.sl't. 

1.20 

4.05 

1.75 

.0010 

.0264 

.0214 

.0050  ' 

1 

.29 
.26 

.0100 

,0001 

1.7 

Av. 

1.40 

4.48 

2.01 

.0016 

.0305 

.0274 

.0031 

.0077 

.0001 

1  'S 

Odor,  distinctly  vegetable,  sometimes  faintly  vegetable,  occasionally  none. The  samples  were 

collected  from  Cold  Spring  Brook,  at  head  of  Reservoir  No.  4,  at  a  depth  of  one  foot  beneath  the  surface. 
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Microscopical  Examination. 

[Xnmber  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,    .... 

- 

2 

6 

6 

3 

- 

3 

4 

4 

4 

Number  of  sample,       .... 

4772 

4887 

5012 

5131 

5209 

5292 

5393 

5493 

5575 

5727 

PLANTS. 

Diatomacese 

- 

3 

0 

pr. 

4 

- 

8 

3 

3 

b 

Ceratoneis,        ,        .      '  .• 

Melosira 

Navicula, 

Nitzchia 

Synedra, 

Tabellaria, 

- 

0 
0 
0 
0 

2 

1 

0 
0 
0 
0 
0 
0 

0 
0 
pr. 
0 
0 
0 

0 
0 
0 
0 
4 
0 

- 

0 
8 
0 
0 
pr. 
0 

0 
0 
pr. 
0 
3 
0 

1 
0 
0 
0 

1 
1 

2 
0 
pr. 
0 
3 
0 

Algse  (several  genera). 

- 

0 

0 

pr. 

2 

- 

0 

1 

pr. 

1 

Fungi.     Crenothrix, 

- 

0 

20 

11 

7 

0 

0 

2 

0 

ANIMALS. 

RtLizopoda.    Actinophrys,    . 

- 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria 

- 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Peridiniura 

Trachelomonas,       .... 

- 

0 
0 

0 
0 

0 
0 

0 
0 

- 

0 
0 

0 
0 

0 
0 

0 
0 

Total  Oeganisms,    . 

- 

3 

20 

11 

13 

- 

8 

4 

5 

6 

Day  of  examination. 
Number  of  sample,   . 


PLANTS. 
Diatomacese, 

Ceratoneis,    . 

Melosira, 

Navicula, 

Nitzchia, 

Synedra, 

Tabellaria,     . 

Algae  (several  genera) 

Fungi.    Crenothrix, 


April. 


5827 


May. 


5924 


0 

0 

pr. 


4 
6018 


July. 


Aug. 


Sept. 


2 

5 

3 

2 

5 

6147 

6341 

6453 

6549 

6672 

7 

16 

6 

3 

7 

1 

1 

0 

0 

0 

0 

0 

4 

0 

0 

1 

1 

2 

1 

pr. 

0 

0 

0 

0 

3 

4 

11 

0 

1 

3 

1 

3 

0 

1 

1 

6 

2 

9 

3 

pr. 

47 

113 

0 

0 

0 

76 

0 
17 

4 
30 
23 
pr. 

0 

0 


ANIMALS. 
Rhizopoda.     Actinophrys, 


Infusoria,     . 

Pevidinium,  . 
Trachelomonas, 


Total  Organisms, 


0 

28 

0 

0 

1 

4 

0 

0 

1 

0 

0 

0 

0 

4 

0 

0 
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BOSTON. 

Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Reservoir 
No.  4,  in  Ashland^  collected  one  foot  beneath  the  surface. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 

EVAPORA- 

Ammonia. 

Nitrogen 
as 

Tioisr. 

s 

A 

Albuminoid. 

S 

B 

>v 

CJ 

o 

r^ 

0  5) 

"3 

13 
> 
0 

■6 

0 

"S 

1 

'A 

o 

E^ 

cc 

o 

0 

0 

&; 

p 

'a 

3  ^ 
CO 

xi 
0 

S5 

Z; 

W 

18 

89. 

i 

4nro 

June   4 

June 

5  IDist't. 

V.  sl't. 

0.80 

_ 

_ 

.0014 

.0254  .0218 

.0036 

.18 

.0020 

.0002 

_ 

4888 

July    1 

July 

2  1  Slight. 

V.sl't. 

0.80 

_ 

_ 

.0006 

.0298  .0226 

.0072 

.0050 

.0002 

- 

oOlo 

Aug.   5 

Aug. 

6    Slight. 

V.sl't. 

0.60 

_ 

_ 

.0022 

.0234 

.0202 

.0032 

_ 

.0040 

.0001 

- 

51S2 

Sept.   3 

Sept. 

4 

V.sl't. 

V.sl't. 

0.80 

_ 

_ 

.0018 

.0274 

.0'^56 

.0018 

_ 

.0030  i. 0000 

- 

5210 

Oct.     2 

Oct. 

3 

Slight. 

V.sl't. 

1.20 

_ 

_ 

.0026 

.0248 

.O^SO 

.0018 

_ 

.0040 

.0001 

- 

5293 

Nov.    4 

Nov. 

5 

Slight. 

Slight. 

1.00 

_ 

_ 

.0042 

.0254 

.0236 

.0018 

_ 

.0050 

.0001 

_ 

5394 

Dec.    2 

Dec. 

3 

V.sl't. 

V.sl't. 

1.30 

- 

- 

.0024 

.0270  .0244 

.0026 

- 

.0140 

.0002 

- 

18  90. 

5494 

Jan.     2  1  Jan. 

3 

V.sl't. 

V.sl't. 

0.80 

_ 

_ 

.0022 

.0228 

.0226 

.0002 

_ 

.0180 

.0002 

_ 

5o76 

Feb.     3   Feb. 

4 

V.sl't. 

V.sl't. 

0.75 

_ 

_ 

.0002 

.0196 

.0186 

.0010 

_ 

.0070 

.0001 

- 

5728 

Mar.    3   Mar. 

4 

V.sl't. 

Slight. 

0.75 

_ 

_ 

.0008 

.0222 

.0186 

.0036. 

.25 

.0180 

.0001 

- 

5828 

Apr.    1    Apr. 

2 

Slight. 

V.sl't. 

0.70  1 

_ 

_ 

.0000 

.0214 

.0182 

.0032 

.21 

.0090 

.0000 

- 

592d 

May     1    May 

2 

Slight. 

Slight. 

0.70, 

_ 

_ 

.0024 

.0202 

.0182 

.0020 

.24 

.0090 

.0001 

_ 

0019 

June    2    June 

3 

V.sl't. 

V.sl't. 

0.501 

3.50 

1.15 

.0002 

.0186 

.0176 

.0010 

.24 

.0050 

.0000 

- 

6148 

July    1    July 

2 

Slight. 

Slight. 

0.50' 

3.40 

_ 

.0008  1.0248 

.0200 

.0048 

.21 

.0020 

.0001 

- 

0342 

Aug.   4   Aug. 

5 

Slight. 

Slight. 

0.35 

3.40 

1.10 

.0000 

.0278 

.0194  [.0084! 

.22 

.0120 

.0002 

1.4 

04.')4 

Sept.   2  ;  Sept. 

3 

Slight. 

Slight. 

0.35  , 

3.35 

1.55 

.0000 

.0206 

.0180  .0026 

.24 

.0100 

.0001 

1.9 

0550 

Oct.     1 

Oct. 

2 

Slight. 

Slight. 

0.40  i 

3.55 

1.50 

.0000 

.0204 

.0150 

.0054 

.24 

.0080 

.0001 

1.7 

6673 

Nov.    4 

Nov. 

5 

V.sl't. 

Slight. 

0.S5 

4.00 

1.45 

.0012 

.0256 

.0230 

.00261 

.27 

.0070 

.0002 

1.7 

6VV2 

Dec.    1 

Dec. 

2 

V.  sl't. 

Slight. 

0.70! 

4.20 

1.65 

.0012 

.0222 

.0198 

.0024 

.26 
.23 

.0100 

.0001 

1.7 

Av 

0.73: 

3.67 

1.40 

.0013 

.0237 

.0205 

.0031 

.0080 

.0001 

1.7 

Odor,  generally  very  faintly  vegetable  or  none;  seldom  disagreeable. The  samples  were  col- 
lected from  the  reservoir,  near  the  gate-house,  at  a  depth  of  one  foot  beneath  the  surface.  For  monthly 
record  of  height  of  water  in  this  reservoir,  see  page  108. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,    .... 

- 

2 

6 

6 

3 

- 

3 

4 

4 

4 

Number  of  sample,      .... 

- 

4888 

5013 

5132 

5210 

- 

5394 

5494 

5576 

5728 

PLANTS. 

Diatomacese, 

- 

0 

0 

0 

pr. 

- 

2 

7 

0 

■  4 

Cyclotella 

Melosira, 

Stephanodiscus,        .... 

Synedra 

Tabellaria 

- 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

- 

0 
0 
0 
0 
2 

0 
1 
pr. 
4 
2 

0 
0 
0 
0 
0 

^^6 
0 
4 
0 

Cyanophycese,     .... 

- 

0 

0 

0 

0 

_ 

0 

0 

0 

6 

Aphanoeapsa 

Chroococcus, 

- 

0 
0 

0 
0 

0 
0 

0 
0 

_ 

0 
0 

0 
0 

0 
0 

6 
0 

Algse 

- 

0 

23 

62 

97 

- 

21 

24 

2 

5 

Chlorococcus 

Closterium, 

Conferva, 

Raphidiura, 

Staurogenia, 

- 

0 
0 
0 
0 
0 

23 
0 

S 

0 

62 
0 
0 
0 
0 

97 
0 
0 
0 
0 

- 

0 
21 
0 
0 
0 

6 
18 
0 
0 
0 

0 
2 
0 
0 
0 

3 
2 
0 
0 
0 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

ANIMALS. 

Rhizopoda.    Actinophrys,    . 

~ 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Infusoria.    Dinobryon, 

- 

0 

0 

pr. 

1 

- 

pr. 

0 

0 

0 

Vermes  (several  genera), 

- 

0 

2 

pr, 

pr. 

- 

0 

pr. 

0 

0 

Porifera.    Sponge  spicules,   . 

- 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Total  Organisms,    . 

- 

0 

25 

62 

98 

- 

23 

31 

2 

15 

April.      May 


July. 


Sept. 


Nov.       Dec. 


Day  of  examination, 
Number  of  sample,   . 

PLANTS. 
Diatomacese, 

Cyclotella,     .        .        .        . 

Melosira 

Stephauodiscus,    . 
Synedra,        .        .        .        . 
Tabellaria 

Cyanophyceae,  . 

Aphanocapsa, 
Chroococcus, 

Algae,      .       .       .       .       . 

Chlorococcus, 

Closterium,  .        .        .        . 

Conferva 

Rapbidium,  .        .        .        . 
Staurogenia, 

ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria.    Dinobryon, 

Vermes  (several  genera),    . 

Porifera.    Sponge  spicules. 

Total  Organisms, 


2 
5828 


2 
5925 


4 
6019 


2 
6148 


3 

6454 


6550 


114 

92 

22 

0 

0 

0 


107 


108 

104 
2 
0 
2 
0 


42 

42 

0 

0 

pr. 

0 


1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

0 

1 

28 

9 

10 

9 

0 

0 

IS 

0 

0 

0 

0 

0 

pr. 

pr. 


44     44 


14  i   153 
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BOSTO>«^. 

Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Reservoir 
No.  4,  in  Ashland,  collected  twenty  feet  beneath  the  surface. 

[Parts  per  100,000.] 


Date  op 

Appeakance. 

Residue  on 
Evapora- 

Ammonia. 

NiTEOGEN 

AS 

tion. 

CU 

c 

•a 

_o 

s 
o 

o 

o 
O 

a 
V. 

02 

a 
o 
O 

o 

.5 
c 

Albuminoid. 

g 
!2 

'ci 
o 

> 

•6 

to  3 

CO 

ci 

18 

89. 

4773 

June 

4 

June 

5 

Slight. 

Slight. 

0.70 

- 

- 

.0026 

.0260 

.0218 

.0042 

.20 

.0020 

.0002 

- 

4889 

July 

1 

July 

2 

V.Bl't. 

V.sl't. 

0.70 

- 

- 

.0058 

.0224 

.0188 

.0036 

- 

.0060 

.0002 

- 

5014 

Aug. 

5 

Aug. 

6 

V.sl't. 

V.sl't. 

0.70 

- 

- 

.0054 

.0294 

.0272 

.0022 

- 

.0020 

.0001 

- 

5133 

Sept. 

3 

Sept. 

4 

V.sl't.'v.sl't. 

1.20 

- 

- 

.0038 

.0312 

.0258 

.0054 

- 

.0040 

.0001 

- 

5211 

Oct. 

2 

Oct. 

3 

Slight.  Slight. 

0.90 

- 

- 

.0024 

.0262 

.0230 

.0032 

- 

.0030 

.0001 

- 

5294 

Nov. 

4 

Nov. 

5 

V.sl't.' Slight. 

1.00 

- 

- 

.0038 

.0244 

.0214 

.0030 

- 

.0040 

.0001 

- 

5395 

Dec. 

2 

Dec. 

3 

Slight.!  V.sl't. 

1.20 

- 

- 

.0028 

.0274 

.0218 

.0056 

- 

.0090 

.0002 

- 

18  90. 

5495 

Jan. 

2 

Jan. 

3 

V.sl't.  V.sl't. 

0.80 

- 

- 

.0036 

.0228 

.0212 

.0016 

- 

.0200 

.0000 

- 

5577 

Feb. 

3 

Feb. 

4 

V.sl't.  V.sl't. 

0.75 

- 

- 

.0000 

.0174 

.0166 

.0008 

- 

.0100 

.0001 

- 

5729 

Mar. 

3 

Mar. 

4 

V.sl't.  Slight. 

0.90 

- 

- 

.0008 

.0228 

.0176 

.0052 

.25 

.0120 

.0001 

- 

5829 

Apr. 

1 

Apr. 

2 

Slight.!  Slight. 

0.70 

- 

- 

.0004 

.0190 

.0160 

.0030 

.22 

.0150 

.0001 

- 

5926 

May- 

1 

May 

2 

Slight. 

Slight. 

0.75 

- 

- 

.0026 

.0176 

.0130  .0046 

.23 

.0070 

.0001 

- 

6020 

June 

2 

June 

3 

Slight.  Slight. 

0.60 

3.65 

1.45 

.0016 

.0186 

.0156 

.0030 

.23 

.0080 

.0000 

- 

6149 

July 

1 

July 

2 

Slight.'  Slight. 

0.50 

3.20 

- 

.0036 

.0284 

.0188 

.0096 

.19 

.0030 

.0001 

- 

6343 

Aug. 

4 

Aug. 

5 

Slight. 

Slight. 

0.40 

3.90 

2.05 

.0048 

.0218 

.0188 

.0030 

.20 

.0150 

.0003 

1.4 

6455 

Sept. 

2 

Sept. 

3 

Slight. 

Slight. 

0.40 

4.45 

1.75 

.0000 

.0216 

.0176 

.0040 

.26 

.0150 

.0001 

1.8 

6551 

Oct. 

1 

Oct. 

2 

Slight. 

Slight. 

0.45 

3.30 

1.05 

.0002 

.0196 

.0154 

.0042 

.24 

.0080 

.0001 

1.7 

6674 

Nov. 

4 

Nov. 

5 

V.sl't. 

Slight. 

0.85 

3.90 

1.65 

.0000 

.0222 

.0172 

.0050 

.26 

.0080 

.0002 

1.6 

6773 

Dec. 

1 

Dec. 

2 

V.Bl't. 

Slight. 

0.70 

4.00 

1.70 

.0018 

.0238 

.0202 

.0036 

.25 
.23 

.0100 

.0001 

1.6 

Av. 

[ 

0.75 

3.87 

1.61 

.0024 

.02.33 

.0194 

.0039 

.0085 

.0001 

1   R 

i 

Odor,  very  faintly  vegetable  or  none. The  samples  were  collected  from  the  reservoir,  near  the 

gate-house,  at  a  depth  of  20  feet  beneath  the  surface. 


Microscopical  JExami7iation . 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,    .... 

- 

2 

6 

6 

3 

- 

3 

4 

4 

4 

Number  of  sample,       .... 

- 

4889 

5014 

5133 

5211 

- 

5395 

5495 

5577 

5729 

PLANTS. 

Diatomacese, 

- 

pr, 

0 

0 

11 

- 

0 

6 

0 

pr. 

Cyclotella 

Melosira, 

Stephanodiscus,       .... 

Synedra, 

Tabellaria 

0 
0 
0 
pr. 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
9 
0 
2 
0 

- 

0 
0 
0 
0 
0 

0 
0 
0 
2 
4 

0 
0 
0 
0 
0 

0 
0 
0 
pr. 
0 

No.  34.]       WATEE  SUPPLY  AND  SEWERAGE. 
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Microscopical  Exaviination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


BOSTOX. 


1889. 

1890. 

June. 

Julj'. 

Aug. 

Sept. 

Oct. 

Xov. 

Dec. 

Jan. 

Feb. 

Mar. 

PLANTS  —  Con. 

CyanophyceEe.    Chroococcus,  . 

- 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Algee, 

- 

0 

8 

95 

142 

- 

28 

19 

3 

0 

Chlorococcus, 

Olosterium 

Raphidiura, 

Staurogenia 

- 

0 
0 
0 
0 

8 
0 
0 
0 

95 

0 

pr. 

0 

140 
2 

pr. 
0 

- 

3 

25 

0 

0 

pr. 
19 
0 
0 

0 
3 
0 
0 

0 
0 
0 
0 

ANIMALS. 

Rhizopoda.    Actlnophrys,    . 

- 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Infusoria, 

- 

0 

0 

0 

6 

- 

0 

pr. 

0 

0 

Dinobryon 

Vortlcella, 

- 

0 
0 

0 
0 

0 
0 

0 
6 

- 

0 
0 

^'o 

0 
0 

0 
0 

Total  Obganisjis,    . 

- 

0 

'8 

95 

159 

- 

28 

25 

3 

0 

April.     May.      June. 


July. 


Sept.       Oct, 


Day  of  examination, 
Number  of  sample. 


5829 


2 
5926 


4 
6020 


2 
6149 


6 
6343 


3 

6455 


2 
6551 


5 

;6674 


3 

6773 


PLANTS. 
Diatomaceee,     .       .       .       . 

Cyclotella 

Melosira,       .        .        .        .        . 
Stephanodiseus,  .         .        .        . 

Synedra, 

Tabellaria, 

Cyanopliycese.    Chroococcus, 

Algse 

Clilorococcus 

Closterium, 

Raphidium, 

Staurogenia,  .        .        .        . 


119 

104 
11 
0 


252 

250 

0 

pr. 


pr. 
0 
0 
0 


0 

1 

41 

30 

pr. 

26 

97 

6 
0 


ANIMALS. 
Rhizopoda.     Actinophrys 


Infusoria, 

Dinobryon, 
Vorticella, 


0 

0 

0 

17 

0 

17 

0 

0 

9 

72 

pr. 


Total  Organisms, 


123 


27 


195 
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BOSTOX. 

Sudbury  River  Supply,  —  Chemical  Exmnination  of  Water  from  Reservoir 
No.  4,  in  Ashland,  collected  near  the  bottom, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

c 

5 

1  "^ 

t-> 

.2 

Albuminoid. 

o 

+j 

"d 

-d 

a 

g 

o 

S-- 

3 

S 

3 

■3 

=  a 

6 

■3 

3 

J.  g 

0 

1 

•■g 

•s 

t5 

o 

w 

^ 

m 

o 

H 

a 

fa 

0 

3 

c  P. 

OS 

d 

'& 

^ 

W 

1889. 

4774 

June 

4 

June 

5 

V.sl't. 

V.sl't. 

0.60 

- 

- 

.0038 

.0206 

.0182 

.0024 

.22 

.0050 

.0002 

_ 

4890 

July 

1 

July 

2 

Dist't. 

V.sl't. 

1.00 

- 

- 

.0058 

.0230 

.0206 

.0024 

_ 

.0050 

.0002 

_ 

6015 

Aug. 

0 

Aug. 

6 

Slight. 

V.sl't. 

0.60 

- 

- 

.0030 

.0208 

.0204 

.0004 

- 

.0080 

.0001 

- 

bfo4 

Sept. 

3 

Sept. 

4 

Slight, 
milky. 

V.sl't. 

0.70 

- 

~ 

.0018 

.0196 

.0180 

.0016 

- 

.0080 

.0001 

- 

b2Vl 

Oct. 

<) 

Oct. 

3 

Slight. 

V.sl't. 

1.00 

- 

- 

.0016 

.0214 

.0192 

.0022 

- 

.00.50 

.0000 

- 

b'jab 

Nov. 

4 

Nov. 

5 

V.sl't. 

Slight. 

1.10 

- 

- 

.0034 

.0242 

.0212 

.0030 

_ 

.0040 

.0001 

_ 

5o96 

Dec. 

2 
18 

Dec. 
90. 

3 

V.sl't. 

Slight. 

1.10 

~ 

" 

.0032 

.0278 

.0236 

.0042 

~ 

.0180 

.0002 

*" 

5496 

Jan. 

2 

Jan. 

3 

V.sl't. 

V.sl't. 

0.80 

_ 

_ 

.0022 

.0230 

.0214 

.0016 

_ 

.0200 

.0000 

_ 

557S 

Feb. 

3 

Feb. 

4 

V.sl't. 

V.sl't. 

0.75 

_ 

_ 

.0000 

.0182 

.0162 

.0020 

_ 

.0120 

.0002 

_ 

5730 

Mar. 

3 

Mar. 

4 

Slight. 

Cons. 

0.90 

_ 

_ 

.0010 

.0212 

.0176 

.0036 

.23 

.0150 

.0002 

_ 

6830 

Apr. 

1 

Apr. 

2 

Slight. 

Slight, 
fibr'us. 

0.70 

- 

- 

.0004 

.0208 

.0156 

.0052 

.23 

.0090 

.0001 

- 

5927 

May 

1 

May 

2 

Slight. 

Slight. 

0.70 

- 

- 

.0026 

.0178 

.0154 

.0024 

.24 

.0070 

.0001 

- 

tiO^l 

June 

'2 

June 

3 

Slight. 

Slight. 

0.70 

3.80 

1.25 

.0024 

.0160 

.0142 

.0018 

.25 

.0080 

.0001 

- 

61.D0 

July 

1 

July 

2 

Slight. 

V.  sl't. 

0.40 

3.20 

_ 

.0050 

.0168 

.0156 

.0012 

.20 

.0075 

.0002 

_ 

6344 

Aug. 

4 

Aug. 

5 

V.sl't. 

Blight, 
fibr'us. 

0.85 

4.00 

1.85 

.0014 

.0200 

.0166 

.0034 

.17 

.0150 

.0003 

1.3 

6456 

Sept. 

2 

Sept. 

3 

Slight. 

Cons. 

0.50 

3.95 

1.65 

.0008 

.0220 

.0168 

.0052 

.26 

.01.50 

.0001 

1.8 

6552 

Oct. 

1 

Oct. 

2 

Slight. 

Cons. 

0.55 

3.80 

1.50 

.0024 

.0170 

.0124 

.0046 

.24 

.01.50 

.0002 

1.7 

6675 

Nov. 

4 

Nov. 

5 

V.sl't. 

Slight, 
fibr'us. 

0.85 

4.05 

1.50 

.0002 

.0226 

.0198 

.0028 

.25 

.0080 

.0002 

1.7 

6774 

Dec. 

1 

Dec. 

2 

V.sl't. 

Slight. 

0.70 

4.20 

1.50 

.0016 

.0234 

.0198 

.0036 

.27 
.23 

.0120 

.0001 

1.6 

Av. 

0.74 

3.97 

1.54 

.0022 

.0209 

.0180 

.0029 

.0103 

.0001 

1.6 

1 

Odor,  very  faintly  vegetable  or  none. The  samples  were  collected  from  the  reservoir,  near  the 

bottom,  just  above  the  gate-house.    When  the  reservoir  is  full  the  sample  is  collected  40  feet  beneath  the 
surface. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890.      • 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination 

- 

2 

6 

7 

3 

- 

3 

4 

4 

5 

Number  of  sample,      .... 

- 

4890 

5015 

5134 

5212 

- 

5396 

5496 

5578 

5730 

PLANTS. 

Diatomacese, 

- 

0 

0 

0 

0 

- 

pr. 

2 

1 

58 

Cyclotella, 

Melosira, 

Stephanodiscus 

Synedra 

- 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

- 

0 

0 

0 

pr. 

0 
0 

1 

1 

0 
0 
0 

1 

0 
0 
0 

58 

Cyanophycese,      .... 

- 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Chroococcus, 

Microcystis, 

- 

0 
0 

0 
0 

0 
0 

0 
0 

- 

0 
0 

0 

0 

0 
0 

0 
0 

No.  34.]       WATER  SUPPLY  AND  SEWERAGE. 


Microscopical  Examination  —  Coucluded, 

[Number  of  organisms  per  cubic  centimeter.] 


83 

BOSTON. 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct.     Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

PLANTS  — Cou. 
Algse 

. 

0 

12 

39 

44         - 

17 

27 

3 

0 

Chlorococcus, 

Closterium, 

Staurogenia, 

: 

0 
0 
0 

12 
0 
0 

39 
0 
0 

44 
0 
0 

_ 

0 

17 

0 

0 

27 
0 

0 
3 
0 

0 
0 
0 

Fungi.     Crenothrix, 

- 

0 

1 

12 

pr. 

- 

pr. 

0 

0 

pr. 

ANIMALS. 

Ehizopoda.     Actinophrys,    . 

- 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Infusoria, 

- 

0 

0 

0 

1 

- 

0 

0 

0 

0 

Dinobryon, 

Monas, 

- 

0 
0 

0 
0 

0 
0 

0 

1 

- 

0 
0 

0 
0 

0 
0 

0 
0 

Total  Organisms,  .     ~ . 

- 

0 

13 

51 

45 

- 

17 

29 

4 

58 

April. 


Ma3'. 


July. 


Sept. 


Day  of  examination. 
Number  of  sample,  . 

PLANTS. 
Diatomaceae, 

Cyclotella,     . 
Melosira, 
Stephanodiscus,    . 
Synedra, 

Cyanophycese,  . 

Chroococcus, 
Microcystis, . 

Algae,      .... 

Chlorococcus, 
Closterium,  . 
Staurogenia, . 

Fungi.    Crenothrix, 

ANIMALS. 
Rhizopoda.    Actinophry 

Infusoria,     . 

Dinobryon,   . 

Monas 

Total  Organisms, 


2 

5830 


2 

5927 


4 
6021 


2 
6150 


5 

6675 


6774 


11 

22 

0 
0 
4 

7 

15 
3 
0 
4 

0 

0 

0 
0 

0 
0 

21 

10 

14 
9 
0 

3 
0 

pr. 

0 

0 

0 

9 

0 

9 
0 

0 
0 

27 


22 

12 

9 

1 

pr. 


28 


84 
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BOSTOlSr. 

Sudbury  River  Sdpply.  —  Chemical  Examination  of  Water  from  Sudbury 
Pdver  at  Ujpper  End  of  Reservoir  No.  2,  in  Ashland. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

a 
o 

.23 

Nitrogen 

AS 

c 
o 

3 
g.S 

2 
3 

5 

Eh 

CO 

o 
o 
O 

3 

'a 

S 
o 

p 

Albuminoid. 

g 
g 

S 

g 

a 

"3 
o 
F-i 

> 

1  s 

to  V 

3  P. 

B 

4777 

June 

18 

4 

89. 

June 

5 

Slight. 

Slight. 

1.50 

_ 

_ 

.0028 

.0316 

.0292 

.0024 

.0050 

.0003 

_ 

4891 

July 

1 

July 

2 

V.sl't. 

V.sl't. 

1.30 

- 

- 

.0016 

.0336 

.0314 

.0022 

- 

.0040 

.0003 

- 

5016 

Aug. 

5 

Aug. 

6 

Slight. 

Cons., 
rusty. 

2.80 

- 

- 

.0042 

.0544 

.0526 

.0018 

.27 

.0040 

.0001 

- 

5135 

Sept. 

3 

Sept. 

4 

V.  sl't. 

Slight. 

1.50 

- 

- 

.0026 

.0340 

.0304 

.0036 

.37 

.0070 

.0001 

- 

5213 

Oct. 

2 

Oct. 

3 

V.  sl't. 

Slight. 

1.50 

- 

- 

.0000 

.0312 

.0294 

.0018 

.39 

.0040 

.0000 

- 

5296 

Nov. 

4 

Nov. 

5 

Slight. 

Cons. 

1.30 

- 

- 

.0006 

.0326 

.0258 

.0068 

.40 

.0050 

.0001 

- 

5397 

Dec. 

2 

Dec. 

3 

V.sl't. 

Slight. 

1.10 

- 

- 

.0010 

.0254 

.0224 

.0030 

.30 

.0150 

.0001 

- 

5484 

Jan. 

18 

2 

90. 

Jan. 

3 

Slight. 

Cons. 

0.50 

- 

- 

.0006 

.0214 

.0184 

.0030 

.32 

.0120 

.0000 

- 

5579 

Feb. 

3 

Feb. 

4 

Slight. 

Slight. 

0.75 

- 

- 

.0000 

.0158 

.0148 

.0010 

.32 

.0120 

.0002 

- 

5731 

Mar. 

3 

Mar. 

4 

V.sl't. 

Slight. 

0.55 

- 

- 

.0002 

.0158 

.0136 

.0022 

.27 

.0150 

.0001 

- 

5831 

Apr. 

1 

Apr. 

2 

V.sl't. 

V.sl't. 

0.55 

- 

- 

.0000 

.0166 

.0118 

.0048 

.25 

.0100 

.0002 

- 

5928 

May 

1 

May 

2 

V.  sl't. 

Cons. 

1.00 

- 

- 

.0020 

.0234 

.0214 

.0020 

.28 

.0040 

.0001 

- 

6022 

June 

2 

June 

3 

V.sl't. 

Slight. 

1.10 

4.70 

1.75 

.0022 

.0308 

.0260 

.0048 

.24 

.0100 

.0000 

- 

6151 

July 

1 

July 

2 

Dist't. 

Slight. 

0.70 

5.10 

- 

.0034 

.0390 

.0312 

.0078 

.24 

.0055 

.0002 

1.6 

6345 

Aug. 

4 

Aug. 

5 

Shght. 

Cons. 

0.70 

5.20 

2.45 

.0042 

.0334 

.0310 

.0024 

.32 

.0140 

.0003 

1.6 

6457 

Sept. 

2 

Sept. 

3 

Slight. 

Cons. 

0.70 

4.85 

1.80 

.0014 

.0300 

.0258 

.0042 

.28 

.0150 

.0001 

1.7 

6553 

Oct. 

1 

Oct. 

2 

V.sl't. 

Slight. 

1.40 

6.95 

2.60 

.0010 

.0322 

.0282 

.0040 

.41 

.0250 

.0002 

1.8 

6676 

Nov. 

3 

Nov. 

4 

V.sl't. 

Cons. 

1.10 

4.60 

2.15 

.0012 

.0244 

.0194 

.0050 

.34 

.0100 

.0002 

1.7 

6763" 

Dec. 

1 

Dec. 

2 

Slight. 

Slight. 

0.80 

4.75 

1.80 

.0006 

.0244 

.0226 

.0018 

.34 
.31 

.0300 

.0001 

1.8 

Av. 

1.10 

5.17 

2.09 

.0016 

.0289 

.0255 

.0034 

.0109 

.0001 

1.7 

Odor,  generally  faintls'  vegetable. The  samples  were  collected  from  the  river,  near  the  old  dam 

at  the  upper  end  of  Reservoir  No.  2,  at  a  depth  of  one  foot  beneath  the  surface. 
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BOSTOISr. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination,    . 
Number  of  sample, 


June.    July.     Aug.    Sept.     Oct.     Xov.     Dec 


10 

4777 


2 

4891 


7 
5135 


3 
5213 


3 
5397 


Jan.     Feb.     Mar, 


4 
5484 


4 
5579 


5 

5731 


PLANTS. 

DiatomacesB, 

Cyclotella, 
Melosira, 
Meridiou, . 
Navicula,  . 
Nitzchia,  . 
Synedra,  . 
Tabellaria, 


Chloroeoccus, 
Fungi.    Crenothrix, 


pr. 


3 

0 
0 
0 

1 

0 

pr. 


pr. 
0 
0 
0 

pr. 
0 
0 
0 

1 

47 


0 
0 
pr. 
0 
0 
9 


10 
0 
0 
2 
2 
0 
6 
pr. 


ANIMALS. 


Infusoria, 


Monas, 

Peridinium, 

Traohelomonas, 


Porifera.    Sponge  spicules, 


pr. 


pr. 
0 
0 

pr. 


0 

pr. 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

19 

6 

0 

1 

pr. 


Total  Organisms, 


April. 


July.      Aug. 


Sept. 


Day  of  examination, 
Number  of  sample,  . 

PLANTS. 

Diatomaceae, 

Cyclotella 

MeloBira,  .  .  .  . 
Meridion,  .  .  .  . 
Navicula,  .  .  .  . 
Nitzchia,  .  .  .  . 
Synedra,  .  .  .  . 
Tabellaria 

Algse.    Chloroeoccus,    . 

Fungi.    Crenothrix, 

ANIMALS. 

Infusoria 

Monas, 

I'eridiniura 

Trachelomonas,    . 

Porifera.    Sponge  spicules. 


2 
5831 


2 

5928 


4 

6022 


3 

6457 


2 

6553 


2 
6763 


39 

6 

1 

pr. 

4 

0 

17 

11 

7 

59 


2 
196 


0 

3 

0 

3 

0 

0 

0 

0 

0 

0 

64 

108 

0 

0 

pr. 


Total  Organisms, 


38 


26 


86 
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BOSTON. 

Sudbury  River   Supply, 


—  Chemical   Examination   of  Water  from   Reservoir 
No.  2,  in  Framinghavi. 

[Parts  per  100,000.] 


Residue  ON 

Nitrogen 

Date  of 

Appearance. 

Evapora- 

Ammonia. 

tion. 

AS 

c 

c 

Albuminoid. 

o 

"S 
o 

a -2 

03 

■ 

>> 

is 
s 

3 

1 
'5 

i 

o 

"3 

o 

o 

y 

3 

o 

o 

-a 
/   ,| 

3  P. 

c 
o 

1 

2 

a 

'A 

O 

H 

H 

m 

O 

>A 

fa 

f-l 

C 

CO 

U 

'A 

!?; 

w 

IS 

89. 

1 

4776 

June    4 

June 

5 

Dist't. 

Slight. 

1.30 

- 

- 

.0010  .0358 

.0270 

.0088 

.23 

.0040 

.0002 

_ 

4892 

July     1 

July 

2 

Dist't. 

Slight. 

1.30 

- 

- 

.0002   .0402 

.0.300 

.0102 

_ 

.0040 

.0000 

_ 

5017 

Aug.    5 

Aug. 

6 

Slight. 

Slight. 

1.00 

- 

- 

.0050  .0398 

.0376 

.0022 

.23 

.0040 

.0001 

_ 

5136 

Sept.   3 

Sept. 

4 

Slight. 

V.sl't. 

1.50 

- 

- 

.0032   .0390 

.0336 

.0054 

.34 

.0040 

.0001 

_ 

5214 

Oct.     2 'Oct. 

3 

Slight. 

Slight. 

1.40 

- 

- 

.0030   .0324 

.0.308 '.0016 

.39 

.0040 '.0001 

_ 

5297 

Nov.    4 

Nov. 

5 

Sliaht. 

V.sl't. 

1.20 

- 

- 

.0018   .0288 

.0248   .0040 

.38 

.0070 '.0001 

_ 

5398 

Dec.    2 

Dec. 

3 

Slight. 

Slight. 

1.10 

- 

- 

.0008 '.0238 

.0216 '.0022 

.25 

.0100  .0001 

- 

18 

90. 

5485 

Jan.     2 

Jan. 

3 

Slight. 

Slight. 

0.60 

- 

- 

.0002  .0180 

.0168 

.0012 

.29 

.0120  .0000 

_ 

5580 

Feb.    3 

Feb. 

4 

Shaht. 

Shght. 

0.70 

1 

- 

1.0000   .0162 

.0124 

.0038 

.30 

.0120;. 0001 

_ 

5732 

Mar.    3 

Mar. 

4 

Slight. 

V.sl't. 

0.55 

- 

- 

.0000 i. 0208 

.0168 

.0040 

.28 

.0150  .0001 

_ 

6832 

Apr.    1 

Apr. 

2 

V.Bi't. 

V.  sl't. 

0.60 

- 

- 

.0000   .0154 

.0128 

.0026 

.24 

.0100  .0001 

_ 

5929 

May     1 

May 

2 

Slight. 

Slight. 

0.70 

- 

- 

.0016  .0208 

.0184 

.0024 

.27 

.0060  1.0000 

_ 

6023 

June    2 

June 

3 

V  sl't. 

Slight. 

1.20 

'    4.60 

2.30 

.0006   .0240 

.0214 

.0026 

.25 

.0110  .0001 

_ 

6152 

July    1 

July 

2| 

Slight. 

Slight. 

0.70 

4.35 

- 

.0026   .0308 

.0270 

.0038  1 

.21 

.0020  .0002 

1.5 

6346 

Aug.  4 

Aug. 

5 

Dist't. 

Cons. 

0.80 

3.95 

1.20 

.0000   .0330 

.0212 

.0118 

.26 

.0090  .0002 

1.6 

6458 

Sept.   2 

Sept. 

3 

Dist't. 

Cons. 

0.50 

4.00 

1.95 

.0002   .0286 

.0210). 0076 

.28 

.0080 '.0001 

1.8 

6554 

Oct.     1 

Oct. 

2 

Slight. 

Cons. 

0.75 

5.30 

1.85 

.0012  .0278 

.0226  .0052 

.32 

.0100  .0001 

1.8 

6677 

Nov.    3 

Nov. 

4 

V.sl't. 

Cons. 

1.20 

4.75 

1.90 

.0024  .0260 

.0198  .0062 

.33 

.0100  1.0002 

1.7 

6764 

Dec.    1 

Bee. 

2 

Slight. 

Slight. 

0.90 

4.85 

1.80 

.0026  .0206 

1 

.0192  .0014 

.33 
.29 

.0480 

.0001 

1.7 

Av. 

0.95 

4.57 

1.83 

.0014-0275 

.0229  .0046 

.0100 

.0001 

1  7 

1 

I 

I 


Odor,  generally  faintly  vegetable,  occasionally  none.     No.  6346  was  strongly  vegetable  and  grassy. 

The  samples  were  collected  from  the  reservoir  near  the  gate-house  at  a  depth  of  8  feet  beneath  the 

surface.    For  monthly  record  of  heights  of  water  in  this  reservoir,  see  page  108. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination 

10 

2 

6 

7 

3 

- 

3 

4 

4 

5 

Number  of  sample,       .... 

4776 

4892 

5017 

5136 

5214 

- 

5398 

5485 

5580 

■5732 

PLANTS. 

Diatomacese 

20 

14 

7 

7 

3 

- 

1 

7 

pr, 

4 

Cyclotella, 

Melosira 

Navicula 

Raphidium 

Synedra 

Tabellnria, 

0 

3 

0 

pr. 

15 

2 

0 
0 
0 
0 

7 
7 

0 
0 
0 
0 
3 
4 

0 
0 
0 
0 

7 
0 

0 
pr. 
pr. 

0 
2 
1 

- 

0 
0 
pr. 
0 
1 
0 

0 
2 
0 
0 
5 
0 

0 

0 
0 
0 

pr. 

0 

0 
0 
0 
0 
4 
0 

CyanophycesB.    Chroococcus,  . 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

No.  34.]       WATER  SUPPLY  AND   SEWERAGE. 

Microscopical  Examintion  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 
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BOSTOlSr. 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

PLANTS  — Con. 
Algse, 

13 

16 

7 

0 

36 

_ 

5 

2 

0 

2 

Chlorococcus,  .    '     . 

Closterium 

13 
0 

16 
0 

7 
0 

0 
0 

36 
pr. 

- 

0 
5 

pr. 

2 

0 
0 

1 
1 

Fungi.     Crenothrix, 

0 

0 

2 

pr, 

2 

- 

pr. 

2 

0 

2 

ANIMALS. 

Rhizopoda.     Actiuophrys,    . 

0 

0 

0 

2 

0 

- 

0 

0 

0 

0 

Infusoria,        

pr. 

0 

pr. 

1 

0 

- 

0 

g 

pr. 

19 

Dinobryon 

Peridiulum 

pr. 
pr. 

0 
0 

0 
pr. 

0 

1 

0 
0 

- 

0 
0 

8 

1 

pr. 
pr. 

17 
2 

Total  Organisms,    . 

33 

30 

16 

10 

41 

- 

6 

20 

0 

27 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination. 

2 

2 

4 

2 

6 

3 

2 

4 

2 

Number  of  sample 

5832 

5929 

6023 

6152 

6346 

6458 

6554 

6677 

6764 

PLANTS. 

Diatomacese,      .... 

2 

34 

34 

52 

149 

49 

61 

2 

34 

Oyclotella, 

Melosira,       .        .        .        .       •. 

Navioula, 

Raphidium 

Synedra, 

Tabellaria, 

0 

0 

pr. 

0 
2 
0 

0 
2 
0 
0 
29 
3 

pr. 
3 
1 
0 
19 
11 

44 
0 
0 
0 
8 
0 

54 
45 
pr. 
35 
15 
0 

0 
0 
3 
6 
40 
0 

0 
8 
1 
0 
52 
0 

0 
0 
0 
0 
2 
0 

0 
3 
6 
0 
20 
5 

Cyanophycese.    Chrodcoccus,  , 

0 

0 

0 

0 

0 

18 

41 

0 

0 

Algse 

4 

13 

5 

13 

113 

40 

15 

0 

0 

Chlorococcus 

Closterium, 

1 
3 

9 

4 

3 
2 

13 
0 

111 

2 

37 
3 

11 

4 

0 
0 

0 
0 

Fungi.     Crenothrix,      . 

2 

11 

6 

0 

1 

2 

2 

0 

3 

ANIMALS. 

Rhizopoda.    Actiuophrys, 

0 

0 

0 

0 

0 

2 

0 

0 

0 

Infusoria, 

10 

3 

8 

0 

0 

0 

0 

0 

4 

Dinobryon,   ..... 
Peridinium 

8 
2 

0 
3 

8 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

4 

0 

Total  Organisms, 

18 

61 

53 

65 

263 

111 

119 

2 

41 

88 
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SuDBL'KY  EiVER  SuppLY  —  Chemical  Examination  of  Water  from 
at  Tlpinr  End  of  Reservoir  No.  3,  in  Southborough. 

[Parts  per  100,000.] 


[Pub.  Doc. 

Stony  Brook, 


Date  of 

Appeakance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

as 

tion. 

^ 

Albuminoid. 

g 

>> 

-s 

•0 

■a 

^ 

. 

i 

a 

"q 

3 

s 

o 

1 

=  5) 

<s 

■3 

> 

0 

■a 

0 

1 

"S 

a 

o 

o 

0 

j3 

C3 

O 

H 

H 

m 

O 

H 

ij 

pq 

E-i 

a 

a 

u 

'A 

'A 

18 

89. 

4778 

June 

4 

June 

5 

Slight. 

Slight. 

1.60 

- 

- 

.0052 

.0432 

.0402 

.0030 

.37 

.0180 

.0005 

- 

4893 

July 

1 

July 

2 

Slight. 

Cons. 

1.00 

- 

- 

.0038 

.0336 

.0326 

.0010 

- 

.0200 

.0003 

- 

5018 

Aug. 

5 

Aug. 

6 

V.si't. 

Cons. 

2.00 

- 

- 

.0054 

.0604 

.0538 

.0066 

.42 

.0200 

.0002 

- 

5137 

Sept. 

3 

Sept. 

4 

V.  sl't 

Slight. 

0.80 

- 

- 

.0054 

.0242 

.0232 

.0010 

.82 

.0180 

.0002 

- 

5215 

Oct. 

2 

Oct. 

3 

V.pl't. 

Slight. 

1.50 

- 

- 

.0026 

.0314 

.0294 

.0020 

.63 

.0180 

.0001 

- 

5298 

Nov. 

4 

Nov. 

5 

Slight. 

V.si't. 

1.40 

- 

- 

.0028 

.0294 

.0258 

.0036 

.61 

.0210 

.0002 

- 

5399 

Dec. 

2 
18 

Dec. 
90. 

3 

V.si't. 

V.si't. 

1.20 

- 

- 

.0026 

.0268 

.0234 

.0034 

.43 

.0400 

.0002 

- 

5486 

Jan. 

2 

Jan. 

3 

V.si't. 

Slight. 

0.50 

- 

- 

.0012 

.0154 

.0144 

.0010 

.49 

.0350 

.0005 

- 

5581 

Feb. 

3 

Feb. 

4 

Dist't, 
milky. 

V.si't 

0.50 

- 

- 

.0106 

.0144 

.0116 

.0028 

.51 

.0380 

.0006 

- 

5733 

Mar. 

3 

Mar. 

4 

Dist't, 
milky. 

V.si't. 

0.60 

- 

- 

.0028 

.0196 

.0156 

.0040 

.40 

.0300 

.0004 

- 

5833 

Apr. 

1 

Apr. 

2 

V.si't. 

V.  sl't. 

0.55 

- 

- 

.0000 

.0150 

.0132 

.0018 

.37 

.0350 

.0002 

- 

5930 

May 

1 

May 

2 

Slight. 

Slight. 

0.90 

- 

- 

.0018 

.0256 

.0226 

.0030 

.36 

.0150 

.0001 

- 

6024 

June 

2 

June 

3 

V.si't. 

Cons. 

1.20 

6.05 

2.60 

.0032 

.0310 

.0264 

.0046 

.31 

.0200 

.0002 

- 

6153 

July 

1 

July 

2 

V.si't. 

Slight. 

0.80 

6.60 

- 

.0036 

.0346 

.0330 

.0016 

.43 

.0060 

.0003 

1:1 

6347 

Aug. 

4 

Aug. 

5 

Dist't. 

Slight. 

0.30 

8.15 

2.15 

.0052 

.0378 

.0306 

.0072 

1.11 

.0100 

.0004 

6459 

Sept. 

2 

Sept. 

3 

Slight. 

Cons. 

0.55 

9.20 

2.05 

.0026 

.0344 

.0298 

.0046 

.90 

.0300 

.0002 

3.0 

6555 

Oct. 

1 

Oct. 

2 

V.si't, 

Slight. 

1.00 

8.40 

2.90 

.0032 

.0336' 

.0308 

.0028 

.73 

.0150 

.0001 

2.7 

6678 

Nov. 

3 

Nov. 

4 

V.si't. 

V.si't. 

0.95 

5.85 

1.60 

.0022 

.0198 

.0180 

.0018 

.52 

.0200 

.0003 

1.8 

6766 

Dec. 

1 

Dec. 

2 

Slight. 

V.si't 

0.80 

6.20 

1.40 

.0034 

.0274 

.0236 

.00:8 

.56 
.55 

.0600 

.0005 

1.9 
2.4 

Av. 

0.96 

7.31 

2.12 

.0036 

.0293 

.0262 

.0031 

.0247 

.0003 

Odor,  vegetable,  sometimes  none. The  samples  were  collected  from  Stony  Brook,  about  50  feet 

below  the  first  road  above  Reservoir  No.  3,  at  a  depth  of  one  foot  beneath  the  surface. 


No.  34  ]       WATER  SUPPLY  AND  SEWERAGE. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 
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BOSTOSr. 


Day  of  examination,     . 
Number  of  sample, 

PLANTS. 

Diatomacese, 

Diatoma,  . 
Melosira,  . 
Meridion, . 
Navicula,  . 
Nitzchia,  . 
Synedra,  . 
Tabellaria, 

Algse.    Chlorococcus, 

Fungi.    Crenothrix, 


June.  '  July.     Aug     Sept.     Oct.      Kov.     Dec. 


10 

4778 


2 
4893 


5137 


3 
5215 


Jan.     Feb.     Mar, 


4  1        5 
5486  I  5581 


5 
5733 


0 
0 
0 
0 
0 
0 

pr. 

pr. 

1 
0 


0 
0 
0 
0 
0 

pr. 

pr. 

0 
3 


0 
1 
2 
2 
0 
10 
pr. 

0 

2 


0 
4 
pr. 
0 
0 
3 


ANIMALS. 
Rhizopoda.    Actinophry 

Infusoria, 

Dinobryon, 

Monas,      .... 

Peridinium, 

Trachelomonas, 


pr. 


Total  Organisms, 


April. 


July. 


Sept.       Oct. 


Day  of  examination, 
Number  of  sample,  . 

PLANTS. 

Diatomacese, 

Dintoma, 
Melosira, 
Meridion, 
Navicula, 
Nitzchia, 
Synedra, 
Tabellaria,    . 

Algae,    Chlorococcus, 

Fungi.    Crenothrix, 


2 
5833 


3 
5930 


4 
6024 


2 
6153 


6 
6347 


3 
6459 


2 
6555 


159 
0 

157 
0 
0 
0 
2 
0 

pr. 

52 


511 

0 
480 
0 
0 
0 
31 
0 

0 

10 


2 
6766 


ANIMALS. 
Rhizopoda.     Actinophrys, 

Infusoria,     . 

Dinobryon,  . 
Monas,  .... 
Peridinium,  .        , 
Trachelomonas,    . 


0 

0 

2 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 

0 

524 

10 

52 

Total  Organisms, 


46 


90 
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BOSTOlSr. 

Sudbury  River   Supply.  —  Chemical  Examination    of   Water  from   Reservoir 

No.  3,  in  Framinghain. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

c 

c 

Albiinihioid. 

i 

1     ' 

S-5 

S 

1 

u 

« 

°g) 

6 

■3 

> 

■a 

'S 

'S 

i 

^ 

o 

a 

H 

m 

U 

H 

hJ 

f^ 

Eh 

fi 

m 

CJ 

S5 

|2i 

W 

18 

89. 

1 

4779 

June    4 

June 

5 

Slight. 

Slight. 

0.90 

- 

- 

.0024 

.0340 

.0278 

.0062 

.35 

.0100 

.0004 

_ 

4894 

July    1 

July 

2 

DlBt't. 

Slight. 

0.90 

- 

- 

.0054 

.0396 

.0354  .0042 

_ 

.0100 

.0002 

- 

5019 

Aug.    5 

Aug. 

6 

Dist't. 

Slight. 

0.70 

- 

- 

.0060 

.0428 

.0.366   .0062! 

.43 

.0050 

.0002 

- 

5138 

Sept.  3 

Sept. 

4 

Slight. 

Slight. 

1.20 

- 

- 

.0030 

.0420 

.0332  .0088 

.51 

.0060 

.0002 

_ 

5216 

Oct.     2 

Oct. 

3 

Slight. 

Cons. 

1.20 

- 

- 

.0046 

.0350 

.0272  .0078 

..50 

.0100 

.0003 

_ 

5299 

Nov.    4 

Nov. 

5 

V.sl't. 

V.sl't. 

1.20 

- 

- 

.0050 

.0328 

.0288  1 .0040 

.52 

.0110 

.0001 

_ 

5400 

Dec.    2 
18 

Dec. 
90. 

3 

Dist't. 

Slight. 

1.20 

' 

' 

.0038 

.0258 

.0210 

.0048 

.43 

.0230 

.0003 

■ 

5487 

Jan.     2 

Jan. 

3 

Slight. 

V.sl't. 

0.60 

- 

- 

.0012 

.0184 

.0176 

.0008 

.40 

.0240 

.0001 

_ 

5582 

Feb.     3 

Feb. 

4 

Slight. 

Slight. 

0..50 

- 

- 

.0014 

.0128 

.0114 

.0014 

.44 

.03-50 

.0003 

_ 

5V34 

Mar.    3 

Mar. 

4 

Slight. 

Slight. 

0.55 

- 

- 

.0020 

.0186 

.01541.0032 

.40 

.0350 

.0002 

- 

5834 

Apr.    1 

Apr. 

2 

Dist't. 

Cons. 

0.50 

_ 

_ 

.0000 

.0152 

.01161.0936 

.32 

.0300 

.0002 

_ 

5931 

May     1 

May 

2 

Slight. 

Cons. 

0.40 

- 

- 

.0010 

.0160 

.0132  .0028 

.36 

.02.50 

.0001 

-  _ 

6025 

June    2 

June 

3 

Slight. 

Slight. 

0.70 

5.05 

1.75 

.0008 

.0228 

.0192   .0036 

.35 

.0200 

.0001 

_ 

61o4 

July    1 

July 

2 

Slight. 

Slight. 

0.60 

5.05 

_ 

.0028 

.0260 

.0244  .0016 

.35 

.0100 

.0004 

1.8 

6348 

Aug.    4 

Aug. 

0 

Dist't. 

Slight. 

0.50 

5.30 

1.80 

.0030 

.0358 

.02681.0090 

.36 

.0120 

.0004 

1.9 

6460 

Sept.    2 

Sept. 

3 

Dist't. 

Cons. 

0.70 

5.35 

1.95 

'.0046 

.0338 

.0238 

.0100 

{.42 

.0090 

.0002 

2.5 

6556 

Oct.     1 

Oct. 

2 

Dist't. 

Cons. 

0.50 

5.65 

1.80 

.0022 

.0288 

.02.32 

.0056 

1.45 

.0100 

.0002 

2.3 

6679 

Nov.    3 

Nov. 

4 

V.  sl't. 

V  sl't. 

1.00 

5.60 

2.05 

.0026 

.0278 

.0254 

.0024 

.45 

.0250 

.0002 

1.9 

6765 

Dec.    1 

Dec. 

2 

Slight. 

Slight. 

0.90 

5.45 

1.70 

.0020 

.0298 

.0248 

.0050 

.46 
.42 

.0400 

.0002 

1.9 

Av. 

0.78 

5.40 

1.84 

.0028 

( 

.0283 

.0235 

.0048 

.0184 

.0002 

2.0 

Odor,  generally  faintly  vegetable,  sometimes  none. The  samples  vcere  collected  from  the  reser- 
voir, near  the  gate-house,  at  a  depth  of  8  feet  beneath  the  surface.  For  monthly  record  of  heights  of 
water  in  this  reservoir  see  page  108. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination. 
Number  of  sample, 


1889. 


10 

4779 


July. 


5019 


Sept. 


7 
5138 


3 

5216 


4 
5400 


1890. 


4 

5487 


5 

5582 


5 
5734 


PLANTS. 
Diatomaceae, . 

Asterionella,     . 
Cyclotella, 
Melosira,  . 
Stephanodiscus, 
Synedra,  . 
Tabellaria, 

CyanophyceaB, 


Anabsena, 
Chroococcus,    . 
Clathrocystis,  . 
Coelosphserium, 


0 
0 
0 

pr. 

pr. 
1 

pr. 

pr. 
0 
0 
0 


0 
0 
0 
0 
pr. 


pr. 
0 


7 
0 
pr. 
0 
6 
2 
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BOSTOJ^. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


PLANTS  — Cou. 

Algse, 

Chloroeoccus,  . 
Raphidium, 

Fungi.    Crenothrix, 

ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria, 

Dinobryon, 

Monas 

Synura 

Trachelomonas, 
Vorticella, 

Porifera.    Sponge  spicules, 
ToTAi  Organisms,    . 


107 

107 
0 


s- 

Sept. 

Oct. 

1 

2 

61 

7 

0 

61 

0 

•2 

0 

2 

0 

0 

pr 
0 

2 


4 

0 

4 

0 

0 

0 

0 

0 

.^ 

0 

0 

0 

46 

0 

40 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24  j 

0 

8 

0 

1 

0 

0 

0 

10 

0 

5 

0 

0 

34 

100 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Uec. 

Day  of  examination, 

2 

3 

4 

2 

6 

3 

2 

4 

Number  of  sample 

5S34 

5931 

6025 

6154 

6348 

6460 

6556 

6679 

6765 

PLANTS. 

Diatomacese,      .... 

7 

361 

176 

324 

pr. 

0 

32 

211 

734 

Asterionella,         .... 
Oyclotella,     ...'.. 

MelOHira, 

Stephanodiscus,    .... 

Synedra, 

Tabellaria, 

pr. 

0 
0 
0 
5 

2 

174 

0 

0 

19 

147 

21 

113 

40 
1 
0 
4 

18 

pr. 

324 
0 
0 
0 
0 

0 
0 
0 
0 
pr. 
0 

0 
0 
0 
0 
0 
0 

23 
0 
6 
0 
1 
2 

203 
0 
5 

P^3 

0 

708 
0 
0 

pr. 

26 

0 

Oyanophycese,  .... 

0 

pr. 

pr, 

pr. 

3 

451 

38 

0 

0 

Anabaena, 

Chroococcns 

Clathrocystis 

Ccslosphajrium 

0 
0 
0 
0 

0 
0 

^^6 

0 

0 

pr. 

0 

0 

0 

pr. 

0 

1 
0 

u 

27 

410 

5 

9 

0 

36 

2 

0 

0 
0 
0 
0 

0 

0 
0 
0 

Algae 

0 

28 

90 

19 

155 

9 

0 

0 

0 

Chloroeoccus 

Raphidium 

0 
0 

23 
5 

81 
9 

19 
0 

1.55 
0 

6 
3 

0 
0 

0 
0 

0 
0 

Fungi.    Crenothrix,      . 

0 

0 

0 

0 

0 

0 

2 

9 

pr. 

ANIMALS. 

Rhizopoda.     Actinophrys, 

0 

0 

0 

0 

0 

3 

0 

pr. 

0 

Infusoria, 

0 

11 

3 

1 

4 

2 

0 

0 

7 

Dinobryon 

Monas, 

Synura, 

Trachelomonas,    .... 
Vorticella 

0 
0 
0 
0 
0 

11 

pr. 
0 

0 
pr. 
0 
0 
3 

0 
0 
0 

1 

pr. 

0 
0 
0 
4 
0 

2 
0 
0 
2 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

6 
0 
0 
1 
0 

Porifera.    Sponge  spicules, 

0 

0 

0 

0 

0 

2 

0 

0 

0 

Total  Organisms, 

7 

400 

269 

344 

162 

467 

72 

220 

741 

92 
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BOSTOIS^. 

Sudbury  River  Supply. —  Chemical  Examination  of  Water  from  Farm  Pond, 

in  Framingham. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

Hksidckon 

EVAPOKA- 

Ammonia. 

NiTEOGEN 

AS 

TION. 

g 

A 

Albuminoid. 

%, 

o 

? 

>. 

■o 

■a 

6 

m 

m 

t 

o 

|-S 

■a 
2 

3 

"3 

=  5 

6 

■3 

> 
0 

•c 

0 

s 

0 

V 

s 

o 

X 

3 

'S 

o 

o 

w 

=  0. 

JS 

.ti 

'A 

O 

H 

&H 

m 

o 

H 

E4 

H 

5 

M 

Z^ 

Jz; 

2; 

K 

18 

89. 

4780 

June 

4 

June 

5 

Slight. 

V.sl't. 

0.05 

- 

_ 

.0014 

.0206 

.0180 

.0026 

.48 

.0020 

.0001 

_ 

4910 

July 

5 

July 

6 

V.sl't. 

Cons. 

0.15 

- 

- 

.0034 

.0272 

.0248 

.0024 

_ 

.0060 

.0001 

_ 

5020 

Aug. 

5 

Aug. 

6 

Dist't. 

Slight. 

0.05 

- 

- 

.0024 

.0292 

.0240 

.0052 

- 

.0020 

.0000 

_ 

5124 

Sept. 

3 

Sept. 

4 

Slight. 

Slight. 

0.05 

- 

- 

.0024 

.0272 

.0202 

.0070 

- 

.0020 

.0000 

_ 

0226 

Oct. 

4 

Oct. 

6 

Slight, 
milky. 

V.sl't. 

0.05 

- 

- 

.0036 

.0220 

.0200 

.0020 

.73 

.0020 

.0001 

- 

5301 

Nov. 

4 

Nov. 

5 

V.sl't, 
milky. 

V.sl't. 

0.15 

~ 

- 

.0026 

.0176 

.0160 

.0016 

.73 

.0030 

.0001 

- 

5391 

Dec. 

2|  Dec. 
18  90. 

3 

Dist't. 

He'vy. 

0.10 

" 

.0014 

.0210 

.0168 

.0042 

.0060 

.0001 

" 

5488 

Jan. 

2 

Jan. 

3 

Slight, 
milky. 

Cons. 

0.05 

- 

- 

.0028 

.0210 

.0188 

.0022 

- 

.0090 

.0001 

- 

55So 

Feb. 

3 

Feb. 

4 

Slight. 

V.sl't 

0.03 

- 

- 

.0000 

.0122 

.0114 

.0008 

_ 

.0120 

.0002 

_ 

5740 

Mar. 

4 

Mar. 

51;  v.sl't. 

Slight. 

0.05 

- 

_ 

.0000 

.0208 

.0180 

.0028 

.78 

.0060 

.0001 

_ 

5835 

Apr. 

1 

Apr. 

2 

,  Slight. 

Slight. 

0.10 

_ 

_ 

.0002 

.0228 

.0214 

.0014 

.62 

.02.50 

.0001 

_ 

5933 

May 

1 

May 

2 

1  Slight. 

Cons. 

0.05 

_ 

_ 

.0026 

.0170 

.0144 

.0026 

.60 

.0090 

.0001 

_ 

6033 

June 

3 

June 

4 

[Slight. 

Slight. 

0.10 

4.65 

1.10 

.0018 

.0174 

.0160 

.0014 

.68 

.0020 

.0001 

_ 

6155 

July 

1 

July 

2 

Slight. 

Slight. 

0.02 

5.00 

_ 

.0020 

.0166 

.0158 

.0008 

.67 

.0010 

.0001 

1.9 

6349 

Aug. 

4 

Aug. 

5 

Slight. 

Slight. 

0.00 

5.60 

1.80 

.0004 

.0228 

.0166 

.0062 

.69 

.0030 

.0003 

2.1 

6461 

Sept. 

2 

Sept. 

3 

Slight. 

Slight. 

0.00 

5.00 

1.25' 

.0032 

.0274 

.0244 

.0030 

.79 

.0080 

.0001 

2.3 

6545 

Oct. 

1 

Oct. 

2 

Slight. 

V.sl't. 

0.00 

4.95 

1.10 

.0004 

.0166 

.0118 

.0048 

.74 

.0100 

.0000 

2.3 

6680 

Nov. 

3 

JSov. 

4 

V.sl't. 

Slight, 
earthy. 

0.05 

5.05 

0.95 

.0058 

.0164 

.0132 

.0032 

.74 

.0080 

.0003 

2.3 

6768 

Dec. 

1 

Dec. 

2 

Slight. 

Slight. 

0.45 

6.15 

2.10 

.0050 

.0190 

.0182 

.0008 

.50 

.67 

.0200 

.0002 

2.1 

Av 

0.08 

5.23 

1.38 

.0022 

.0208 

.0179 

.0029 

.0072 

.0001 

2.2 

Odor,  genemlly  faintly  vegetable,  sometimes  non". The  samples  were  collected  from  the  pond 

near  the  pumping-station  of  the  Framingham  Water  Company.    For  monthly  record  of  heights  of  water 
■  in  this  pond,  see  page  108. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,     .... 

10 

6 

6 

6 

8 

- 

3 

4 

5 

5 

Number  of  sample,      .... 

4780 

4910 

5020 

5124 

5226 

5301 

5391 

5488 

5583 

5740 

PLANTS. 

Diatomacege,         .... 

1 

pr, 

0 

0 

1 

8 

10 

47 

0 

77 

Asterionella, 

Navicula, 

Nitzchia 

Stephanodiscus 

Synedra 

0 
0 
0 

1 

pr. 

0 
pr. 
0 
6 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

0 

4 
0 
0 
4 

0 
0 
0 
8 
2 

3 
1 
0 
38 
5 

0 
0 
0 
0 
0 

60 
0 
0 

12 
5 

Cyanoptiyceae,     .... 

1 

3 

6 

7 

3 

1 

pr. 

0 

0 

0 

Anabaena, 

Chroococcus, 

Clathrocystis 

Aphanocapsa, 

1 
0 
0 
0 

0 
pr. 
pr. 

2 

0 
6 
6 
0 

1 

0 
6 
0 

2 
0 

0 
0 

1 

0 

pr. 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

No.  34.]       WATER  SUPPLY  AND  SEWERAGE. 


Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  ceulimeter.] 


93 

BOSTOX. 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

PLANTS  — Con. 
Algse 

0 

0 

645 

86 

5 

0 

0 

0 

pr. 

0 

Chlorococcus, 

Cffilastrum 

Protococcus 

0 
0 
0 

0 

0 

pr. 

64.5 
0 
0 

86 
0 
0 

5 

0 
9 

0 
0 
0 

0 
0 
0 

0 
0 
0 

^"o 

0 
0 

ANIMALS. 

Infusoria, 

0 

pr. 

0 

0 

1 

0 

pr. 

11 

75 

21 

Dinobryon, 

Monas 

Peridinium 

Vonicella 

0 
0 
0 
0 

0 

0 

pr. 

0 

0 
0 
0 
0 

0 
0 
0 
0 

1 
0 
0 
0 

0 
0 
0 
0 

0 

0 

pr. 

0 

11 

0 
0 
0 

24 
50 
1 
0 

20 
1 
0 
0 

Total  Organisms,    . 

2 

3 

651 

93 

10 

9 

10 

58 

75 

98 

1890. 

April 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

2 

3 

7 

2 

6 

3 

2 

4 

2 

Number  of  sample 

5835 

5933 

6033 

6155 

6349 

6461 

6545 

6680 

6768 

PLANTS. 

Diatomacese 

425 

77 

pr. 

1 

2 

4 

0 

2 

136 

Asterionella 

Navicula 

Nitzchia 

Stephanodiscus 

Byuedra 

379 

0 

0 

24 

22 

7 
0 
0 
58 
12 

0 
0 
0 
0 
pr. 

0 
0 
0 
.0 

1 

0 
2 
0 
0 
pr. 

0 
2 
0 
0 
2 

0 
0 
0 
0 
0 

0 
2 
0 
0 
pr. 

114 
pr. 

12 
0 

10 

Cyanophycese 

0 

0 

0 

46 

29 

13 

38 

0 

0 

Anabsena 

Chroococcus,         .... 
Ciathrocystis,        .... 
Aphanocapsa 

0 
0 
0 

u 

0 
0 
0 
0 

0 
0 

^^0 

6 
40 

18 
3 
8 
0 

1^ 
1 
0 

0 
37 

1 
0 

0 
0 
0 
0 

0 
0 
0 
0 

Algse 

1 

0 

0 

124 

4 

1 

0 

0 

0 

Chlorococcus 

Cuilaatrum, 

Protococcus,          .... 

1 

0 
0 

0 
0 
0 

0 
0 
0 

112 
12 
0 

4 

pr. 

0 

1 

0 
0 

0 

0 
0 

0 
0 
0 

0 
0 
0 

ANIMALS. 

Infusoria 

74 

21 

1 

0 

7 

0 

0 

0 

0 

Dinobryon 

Monas, 

Peridinium 

Vorticella 

47 

27 

0 

0 

21 
0 
0 
0 

0 
0 

1 

0 

0 
0 
0 
0 

0 

2 

pr. 

5 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

■     Total  Organisms,  . 

500 

98 

1 

171 

42 

18 

38 

2 

136 

94 
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BOSTO>r. 

CociiiTUATE  Supply. —  Chemical  Examinalion  of  Water  from  Beaver  Dam  Brook, 
in  Framingham  and  Natick. 

[Parts  per  100,000  ] 


Date  of 

APPEARANCK. 

Kesiuueon 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

c 

c 

Albuminoid. 

g 

5 

o 
O 

S 

3 

'5 

o 
"o 

S  5 
o 

■3 
0 

> 
0 

S 

■6 

a 
0 

s 
0 

1 

2 
1 

18 

89. 

4782 

June 

4 
IS 

June 
90. 

5 

Dist't. 

Cons. 

2.30 

8.25 

3.70 

.0096 

.0510 

.0442 

.0068 

0.24 

.0150 

.0010 

5836 

Apr. 

1 

Apr. 

2 

Slight. 

Cons. 

0.70 

- 

- 

.0014 

.0278 

.0260 

.0018 

0.33 

.0200 

.0001 

- 

6381 

Aug. 

8 

Aug. 

9 

V.sl't. 

V.sl't. 

0.20 

8.37 

2.80 

.0018 

.0168 

.0146 

.0022 

0.77 

.0125 

.0001 

4.3 

6382 

Aug. 

8 

Aug. 

9 

V.sl't. 

V.sl't. 

0.02 

15.10 

4.00 

.0236 

.0102 

.0100 

.0002 

2.20 

.2200 

.0023 

5.3 

6383 

Aug. 

8 

Aug. 

9 

V.sl't. 

V.sl't. 

0.10 

12.30 

2.45 

.0016 

.0152 

.0134 

.0018 

2.02 

.2000 

.0005 

4.4 

638i 

Aug. 

8 

•Vug. 

9 

Dist't. 

H'vy. 

0.25 

9.30 

2.05 

.0024 

.0752 

.0302 

.0450 

1.54 

.0200 

.0019 

3.9 

6885 

Aug 

S 

Aug. 

9 

Dist't. 

Cons. 

0.40 

8.70 

2.20 

.0044 

.0526 

.0286 

.0240 

1.39 

.0200 

.0012 

3.9 

Odor  of  N"os.  4782  and  6383,  faintlj' vegetable;  of  the  remaining  samples,  decidedly  vegetable. 

Nos.  4782  and  6383  were  collected  from  the  mouth  of  the  broolj  at  Mill  Street,  near  Lake  Cochituate. 
No.  5836  was  collected  from  the  brook  south  of  Waverley  Street,  opposite  the  pumping-station  of  the 
Framingham  sewerage  system  when  the  brook  was  overflowing  its  banks.  No.  6381  was  collected  from 
the  brook  just  above  the  road  bridge,  about  40  feet  above  where  the  stream  from  the  underdrain  of  the 
Franainghara  sewerage  system  enters  the  brook.  No.  6382  was  collected  from  the  brook  just  below  the 
Boston  &  Albany  Railroad,  and  about  300  feet  below  the  entrance  of  the  stream  from  the  underdrain. 
No.  6384  was  collected  from  the  estuary  of  Beaver  Dam  Brook  (an  arm  of  Lake  Cochituate)  where  it 
is  crossed  by  the  Boston  &  Albany  liailroad.  No.  6385  was  collected  from  the  estuary  where  it  is 
crossed  by  the  Framingham  and  Natick  road,  about  400  feet  below  the  crossing  of  the  Boston  &  Albany 
Railroad.    For  analyses  of  the  water  of  the  underdrain  see  Framingham. 


Microscopical  Examination. 

[dumber  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

April. 

Aug. 

Aug 

Aug. 

Aug. 

Aug. 

Day  of  e.\amination,       .        .        .         . 

10 

2 

9 

9 

9 

9 

9 

Number  of  sample 

4782 

5836 

6381 

6382 

6383 

6384 

6385 

PLANTS. 

Diatomacese, 

pr, 

28 

3 

2 

16 

1,794 

834 

Melosira 

Meridion, 

Navicula, 

Stephanodiscus 

Synedra, 

0 
0 
0 
0 
pr. 

3 

2 
2 
2 
19 

1 
0 

2 

pr. 

0 

0 
0 
pr. 
1 
1 

7 
0 
5 
2 
2 

0 

0 
2 
0 

1,792 

0 
2 
0 
0 

832 

Cyanopliycese.    Anabasna,  .  '■     . 

pr. 

0 

0 

0 

0 

460 

328 

No.  34.]        WATER  SUPPLY  AND   SEWERAGE. 


Microscopical  Examination  —  Concluded. 

fNumber  of  organisms  per  cubic  centimeter.] 


95 

BOSTOlsr. 


PLANTS  —  Con 
Algse 

CHorococcus,     . 
Cosraarium, 
Eudorina,  . 
Gonium,     . 
Pediastrum, 
Zoospores, 
Scenedeeinus,     . 
Staurastrum, 

Fungi.    Crenothrlx,  . 

ANIMALS. 
Infusoria,  . 

Moras, 
Peridininm, 
Tracheloraonas, 
Ciliated  infusorian,  . 

Vermes, 

Anurea, 
Asplanclina, 
Mouocerca, 
Polyartlira, 
Rotate  rian  ova, 
Trlarthra,  . 


April.        Aug.         Aug.        Aug 


Aug. 


0 

2 

2,812 

0 

2 

0 

0 

0 

12 

0 

0 

84 

0 

0 

2U 

0 

0 

8 

0 

0 

2,664 

0 

pr. 

22 

0 

0 

2 

28 

13 

0 

0 

pr, 

S2 

0 

pr. 

0 

0 

pr. 

so 

0 

0 

0 

0 

0 

12 

0 

0 

24 

0 

0 

0 

0 

0 

2 

0 

0 

14 

0 

0 

4 

0 

0 

<■> 

0 

0 

2 

Aug. 


542 


0 
4 
8 
0 
460 
2 


42 


Total  Organisms, 


5,182 


1,758 


CociiiTUATE  Supply  —  Chemical  Exa'iniiiation  of  Water  from,  Began  Brook. 

[I'arts  per  100,000.] 


Kksidukon 

Date  of 

Appearanc 

i. 

Evapora- 

Ammonia. 

tion. 

d 

^ 

Albuminoid. 

o 
o 

1   rt 

S 

3 

S 

« 

5S 

_: 

•a 
> 
o 

■a 

■  "C 

« 

i 

c 

o 

s  o- 

"A 

O 

a 

r< 

re 

CJ 

H 

J 

&^ 

5 

X 

i) 

!zi 

*A 

S 

18  89. 

4784 

June   4 

June    5 

Very 
dec'd. 

He'vy, 
earthy. 

0.3 

26.05 
15.00 

5.  SO 
3.60 

.  1200 

.0760 

.0400 

.0.360 

1.79 

.1620 

.0040 

Odor,  musty;  on  heating,  it  became  strongly  musty  and  disagreeable. The  sample  was  collected 

from  the  brook  near  its  mouth. 


Microscopical  Examination. 


Fungi,  Crenothrix,  40. 
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CoCHiTUATE  Supply.  —  Chemical  Examination  of  Water  from  Dudley  Pond,  in 

Wayland. 

[Parts  per  100,000.] 


Date  of 

Appeakakce. 

Residue  ON 

KVAPORA- 
TION. 

Ammonia. 

c 

3 
o 

.24 

.20 
.26 

.23 

Nitrogen 

AS 

o 
1 

S 

03 

3 

.1 
•3 

t/3 

u 
o 
"o 
O 

3 

o 

c 

il 

o 

1 

Albuminoid. 

1 

0) 

H 

s 
'A 

■3 
I 

> 
o 

§  a, 

a 
■a 
a 

4785 
4896 
5022 
5140 

18 

Jrtue    4 

July    1 
Aug.    5 
Sept.   3 

89. 

June    5 

July    2 
Aug.   6 
Sept.  4 

Dist't. 

Dist't. 
Slight. 
Dist't. 

Slight. 
Slight 
Slight. 
Slight. 

0.05 
0.05 
0.05 
0.03 

3.15 

1.00 

.0036 
.0018 
.0010 
.0010 

.0270  .0224 
.0268  .0262 
.0308  .0220 
.0250  .0212 

.0046 
.0006 
.0D88 
.0338 

.0030 
.0040 
.0020 
.0050 

.0000 
.0000 
.0000 
.0000 

1.3 

Av. 

0.04 

- 

- 

.0018   .02741.0229 

.0045 

!0035  .0000 

Odor,  faintly  vegetuble;   ia  August  and  September,  disagreeable. The  samples  were  collected 

from  the  pond  near  the  surface. 


Microscopical  Examination. 

[N'umber  of  orgiinisms  per  cubic  centimeter.] 


July. 


Sept. 


Day  of  examination. 
Number  of  sample, 

PLANTS. 

Diatomacese,    . 

Asterionella,       ..     '  . 
Melosira,     .... 
Stephanodiscus, 

Synedra 

Tabellaria,  .        .        .        . 

Cyanophycese, 

Aphanocapsa, 
Chroijcoccus, 
Clathrocystis, 
Coelosphierium,  . 

AlgSB, 

Chlorococcua,     . 
Staurastrum, 

ANIMALS. 
Rhizopoda.    Difflugia,     . 

Infusoria.    Dinobryon,    . 
Total  Organisms, 


10 

4785 


2 

4896 


7 
5140 


pr. 


0 

0 

pr. 


43 

32 

3 

2 

pr. 

6 

16 

0 

7 

pr. 

9 

18 

16 


pr. 


81 


^o.  34.]        WATER  SUPPLY  AND  SEWERAGE. 
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CocHiTUATE  Supply. 


Chemical  Examination  of  Water  from 
in  Wayland. 

[Parts  per  100,000.] 


BOSTOI^^. 

Lake  Cochituate, 


Date  of 

Appearance. 

Residue  ON 

EVAPOKA- 

Ammonia. 

Xitp.ogen 

TION. 

S 
5 

c 
o 

o 

S 

a-- 

•3 
S 

3 

in 

1 

03 

3 

o 

o 

■3 
1 

a! 

Albuminoid. 

u 

g 

g 

£ 

'0 

■a 
> 
0 

E 

» 
■a 
c 

1 

18 

89. 

4781 

June 

4 

June 

5 

Slight. 

v.sl't. 

0.15 

- 

- 

.0016 

.0186 

.0154 

.0032 

.48 

.0220 '.0005 

- 

4895 

July 

1 

July 

2 

Dist't. 

V.sl't. 

0.30 

- 

- 

.0018 

.0202 

.0156 

.0046 

- 

.0180  .0003 

- 

5021 

Aug. 

5 

Aug. 

6 

Slight. 

V.sl't. 

0.10 

- 

- 

.0018 

.0184 

.0172 

.0012 

- 

.0100 

.0003 

- 

5139 

Sept. 

3 

Sept. 

4 

Slight. 

Slight. 

0.20 

- 

- 

.0010 

.0230 

.0196 

.0034 

- 

.0090 

.0003 

- 

5217 

Oct. 

2 

Oct. 

3 

V.sl't. 

Slight. 

0.30 

- 

- 

.0012 

.0212 

.0180 

.0032 

- 

.0120 

.0002 

- 

5300 

Nov. 

4 

Nov. 

5 

V.sl't. 

Slight. 

0.30 

- 

- 

.0026 

.0222 

.0186 

.0036 

- 

.0200 

.0002 

- 

5401 

Dec. 

2 
18 

Dec. 
90. 

3 

V.sl't. 

V.sl't. 

0.40 

- 

- 

.0078 

.0222 

.0186 

.0036 

- 

.0230 

.0005 

- 

5489 

Jan. 

2 

Jan. 

3 

Slight. 

Slight. 

0.40 

- 

- 

.0004 

.0178 

.0152 

.0026 

- 

.0130 

.0001 

- 

5584 

Feb. 

3 

Feb. 

4 

Slight. 

V.  sl't. 

0.25 

- 

- 

.0000 

.0124 

.0102 

.0022 

- 

.0250 

.0002 

- 

5735 

Mar. 

3 

Mar. 

4 

V.sl't. 

Cons. 

0.30 

- 

- 

.0000  1.0196 

.0150 

.0046 

.51 

.0350 

.0002 

- 

5837 

Apr. 

1 

Apr. 

2 

Slight. 

Slight. 

0.40 

- 

- 

.0004 

.0182 

.0146 

.0036 

.52 

.0400 

.0003 

- 

5932 

May 

1 

May 

2 

Slight. 

Cons. 

0.30 

- 

.0014 

.0186 

.0142 

.0044 

.49 

.0280 

.0001 

- 

6026 

June 

2 

June 

3 

Slight. 

Slight. 

0.20 

4.80 

1.25 

.0032 

.0156 

.0134 

.0022 

.50 

.0200 

.0002 

- 

6156 

July 

1 

July 

2 

Slight. 

Slight. 

0.10 

4.90 

- 

.0018 

.0170 

.0148 

.0022 

.46 

.0200 

.0005 

2.3 

6350 

Aug. 

4 

Aug. 

5 

Slight. 

Cons. 

0.03 

4.75 

0.95 

.0018 

.0216 

.0158 

.0058 

.48 

.0120 

.0007 

2.1 

6465 

Sept. 

2 

Sept. 

3 

Slight. 

Slight. 

0.10 

4.45 

0.80 

.0010 

.0258 

.0196 

.0062 

.49 

.0070 

.0003 

2.5 

6557 

Oct. 

1 

Oct. 

2 

Slight. 

Slight. 

0.05 

4.25 

0.85 

.0010 

.0194 

.0154 

.0040 

.48 

.0150 

.0002 

2.3 

6681 

Nov. 

3 

Nov. 

4 

V.sl't. 

V.sl't. 

0.20 

5.00 

1.30 

.0040 

.0146 

.0134 

.0012 

.49 

.0120 

.0003 

2.5 

6767 

Dec. 

1 

Dec. 

2 

Slight. 

Slight. 

0.15 

5.20 

1.05 

.0046 

.0206 

.0170 

.0036 

.49 
.49 

.0200 

.0002 

2.5 

Av. 

0.22 

4.74 

1.03 

.0020 

.0193  .m-iR 

.0035 

.0190 

.0003 

2  4 

1 

Odor,  generally  none ;  soraetiraes  very  faintly  vegetable. The  samples  were  collected  in  the  gate- 
house. For  analyses  of  samples  from  various  depths  in  the  lake,  collected  June  18,  1890,  see  special 
report  of  the  State  Board  of  Health  on  Water  Supply  and  Sewerage,  1890,  Part  I.,  p.  767.  For  monthly 
record  of  heights  of  water  in  this  lake,  see  page  108. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination 

10 

2 

6 

7 

3 

_ 

4 

4 

5 

5 

Number  of  sample,       .... 

4781 

4895 

5021 

5139 

5217 

5300 

5401 

5489 

5584 

5735 

PLANTS. 

Diatomacese,         .... 

12 

34 

22 

23 

144 

136 

141 

189 

380 

1,271 

Asterionella 

Melosira 

Nitzchia 

StephanodiscuB 

Synedra 

Tabellaria 

0 
0 
0 
8 
0 
4 

0 
0 
0 
2 
6 
26 

0 
0 
0 

1 

0 
21 

6 
0 
0 
0 
8 
9 

72 

25 

0 

1 

7 

39 

8 
8 
0 
6 
0 
114 

5 
75 

0 
30 
16 
15 

25 

128 

0 

18 

5 

13 

64 

304 

0 

5 

pr. 

7 

181 

1,039 

0 

16 

4 

31 

Cyanophycese 

pr. 

22 

54 

31 

14 

pr. 

10 

0 

0 

0 

Anabsena, 

Aphanocapsa 

Chroococcus, 

Clathrocystis, 

CcelospliEerium,        .... 

Microcystis 

Oscillaria, 

pr. 
0 
0 
0 
0 
0 
0 

8 
0 
8 
6 
0 
0 
0 

24 
0 

17 
6 

7 
0 
0 

8 
0 
0 
13 
10 
0 
0 

3 
0 
0 
2 
9 
0 
0 

0 
0 
0 
0 
pr. 
0 
0 

0 
10 

0 
pr. 
pr. 

0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

Algse, 

5 

53 

63 

n 

74 

0 

9 

1 

16 

0 

Chlorocoocus 

Closterium, 

Coalastrum 

Spirotsenia, 

5 
0 
0 
0 

5.3 
0 
0 
0 

62 
0 
1 
0 

0 

0 

pr. 

11 

6 

68 

pr. 

0 

0 
0 
0 
0 

9 
0 
0 
0 

0 
0 

1 

0 

16 
0 
0 
0 

0 
0 
0 
0 

Fungi.     Beggiatoa 

0 

0 

0 

0 

0 

pr. 

0 

23 

4 

5 

ANIMALS. 

Rhizopoda.     Actinopbrys,    . 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria, 

pr. 

pr. 

pr. 

1 

7 

0 

5 

2 

2 

22 

Ceratium, 

Dinobryon, 

Monas 

Peridinium, 

Trachelomonas 

0 
0 
0 
0 
pr. 

^^0 
0 
0 
0 

0 

pr. 

0 

0 
0 

1 

0 
0 
0 
0 

pr. 
6 
0 
0 
1 

0 
0 
0 
0 
0 

0 
pr. 
0 
0 
5 

0 
0 
0 
0 
2 

0 
0 
0 

1 
1 

0 
0 
18 
1 
3 

Crustacea.    Cyclops,    . 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms,    . 

17 

109 

139 

66 

239 

136 

165 

215 

402 

1,298 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

2 

3 

4 

2 

6 

3 

2 

4 

2 

Number  of  sample 

5837 

5932 

6026 

6156 

6350 

6465 

6557 

6681 

6767 

PLANTS. 

DiatomacesB 

1,415 

1,104 

185 

31 

7 

50 

42 

113 

1,315 

Asterionella,         .... 

Melosira, 

Nitzchia 

Stephanodiscns,  .... 

Synedra 

Tabellaria 

413 
865 

0 
11 

1 
125 

8 

412 

0 

25 

54 

605 

0 
0 
0 
103 
1 
81 

0 
0 
0 

1 

23 

7 

0 
7 
0 
0 
0 
0 

0 
0 
0 
0 

50 
0 

40 
0 
0 
0 
2 
0 

19 
78 
0 
2 
pr. 
14 

138 

972 

23 

62 

2 

118 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


May. 


June. 

July. 

Aug. 

Sept. 

0(t. 

0 

34 

21 

450 

31 

0 

16 

7 

5 

0 

0 

4 

5 

0 

0 

0 

0 

0 

442 

27 

0 

2 

0 

0 

4 

0 

12 

4. 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

331 

433 

0 

8 

9 

268 

430 

0 

8 

0 

0 

pr. 

0 

0 

0 

6.3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PLANTS  — Con. 
Cyanophycese,  . 


Anabsena, 

Aphanocatisa. 

Chroococcus. 

Clathrocystis, 

CcelosphEerium, 

Microcystis, . 

Oscillaria, 


AlgEe, 


Chlorococcus, 
Closterium,  . 
Ccelastrum,  . 
Spirotseuia,  . 


Fungi.    Beggiatoa, 


pr. 
0 
0 
3 
4 
0 


ANIMALS. 
Khizopoda.     Actinophrys, 


Infusoria, 


Ceratium, 
Dinobryon,   . 
Mouas,  . 
Peridinium,  . 
Trachelomonas, 


Crustacea.    Cyclops, 


0 
4 
5 
0 
pr. 


0 

0 

0 

0 

2 

pr. 

2 

1 

2 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

2 

0 

0 

pr. 

0 

0 

398 

461 

502 

82 

0 

0 

pr. 


Total  Obganisms, 


1,424 


1,112         194 


CocHiTUATE  Works.  —  Chemical  Examination  of  Water  from  Chestnut  Hill 

Distributing  Reservoir. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidue  on 
Evapora- 

Ammonia. 

isITROGEN 
AS 

tion. 

c 

o 

. 

c 
o 

Albumiiinid. 

si 

u 

a 

o 

a-" 

3 

S 

c 

"3 

og> 

_: 

■a 

■a 

2 

■? 

o 

o 

i-l 

o 

3  c. 

;zi 

O 

H 

B 

m 

O 

H 

hJ 

\H 

t^ 

G 

to 

o 

!zi 

Ul 

18 

89. 

4798 

June    7 

June   7 

Slight. 

Slight. 

0.5 

- 

- 

.0020 

.0252 

.0208  .0044 

.34 

.0110 

.0002 

- 

Odor,  very  faintly  vegetable. The  sample  was  collected  from  the  reservoir. 


Microscopical  Examination. 

'D\TtX.o\aViC&3s,  StephanodiscuStIO;   Tabellaria,  10.    Infusoria,  Dinobryon, 'pr.    Total  organisms,  30. 
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CociiiTUATE  Works. 


Chemical  ExaminafAon  of  Water  from  Parker  Hill 
Didributing  Reservoir. 

[Parts  per  100,000.] 


Datk  of 

Appearance. 

Kesidle  on 

EVAPOKA- 
TION. 

Amjionia. 

c 

Nitrogen 

AS 

S 

i 

.2 

a-- 

3 

U 

o 

5 

3 

o 

5 
c - 

1 

^ 

Albuminoid. 

'A 

'u 

u 

.a 

s 

s 
Iz; 

13 
> 
O 

■6 
■a 

•a 

18 

89. 

4T6i 

June    4 

June 

4 

Slight. 

Slight. 

0.05 

4.50 

1.45 

.0012 

.0166 

.0130 

.0036 

.45 

.0180 

.01104 

1.9 

4902 

July    2 

July 

2 

V.sl't. 

V.sl't. 

0.05 

- 

- 

.0028 

.0204 

.0192 

.0012 

.42 

.0070 

.0003 

- 

5027 

Aug.    6 

Aug. 

6 

Slight. 

Slight. 

0.00 

- 

- 

.0008 

.0150 

.0128 

.0022 

- 

.0090 

.0001 

- 

5128 

Sept.  4 

Sept. 

4 

V.sl't. 

V.sl't. 

0.03 

- 

- 

.0000 

.0172 

.0148 

.0024 

- 

.0050 

.0001 

- 

5221 

Oct.     3 

Oct. 

3 

V.sl't. 

Slight. 

0.00 

- 

- 

.0010 

.0164 

.0130 

.0034 

- 

.0050 

.0000 

- 

5304 

Nov.    6 

Nov. 

6 

V.sl't. 

V.sl't. 

0.70 

- 

- 

.0006 

.0242 

.0230 

.0012 

.43 

.0180 

.0002 

- 

Av. 

- 

- 

- 

.0011 

.0183 

.0160 

.0023 

.0103 

.0002 

Odor,  very  faint  or  none. The  samples  were  collected  from  the  reservoir. 


Microscopical  Examination . 


[Number  of  organisms  per  cubic  centimeter.] 


July. 


Sept. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,    . 

Melosira, 
Stephanodiscus,  . 
Synedra, 

Cyanophyceee, 

Anabsena,     . 
Olathrocystis,      . 
Chroococcus,       . 

Algse,     .... 

Chlorococcus, 
CcBlastrum,  . 
Spirotseuia, . 

ANIMALS. 
Infusoria.    Dinobryon, 

Total  Organisms, 


3 

4902 


6 
5128 


3 
5221 


5304 


14 


pr. 
12 


pr. 


44 

28 

pr. 

16 


0 
8 
0 

28 

23 
1 

4 


26 


47 
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B0ST02>r. 

CocHiTUATE  Works.  —  Chemical  Examination  of  Water  from  a  Faucet  at  the 
Massachusetts  Institute  of  Technology. 

[Parts  per  100,000.] 


Date  of 

Appkakance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

2 
3 

1  ■* 

a -2 

S 

a 

U 

a 

Albuminoid. 

"S 

i 

a 

"3 

> 
o 

13 

■B 

'A 

o 

a 

■8 

B 

tA 

f^ 

H 

S 

S  P. 

o 

S5 

Sz; 

a 

18 

89. 

4800 

June 

7 

June 

7 

Slight. 

Slight. 

0.45 

- 

- 

.0002 

.0208 

.0172 

.0036 

.39 

.0200 

.0002 

- 

4S99 

July 

2 

July 

2 

V.sl't. 

Slight. 

0.70 

- 

- 

.0010 

.0226 

.0186 

.0040 

.36 

.0200 

.0002 

- 

bua? 

Aug. 

7 

Aug. 

7 

V.sl't. 

V.sl't. 

0.30 

- 

- 

.0010 

.0194 

.0154 

.0040 

- 

.0150 

.0002 

- 

hvin 

Sept. 

4 

Sept. 

4 

Slight. 

Slight. 

0.80 

- 

- 

.0006 

.0244 

.0232 

.0012 

- 

.0150 

.0002 

- 

5219  ;  Oct. 

3 

Oct. 

3 

V.sl't. 

V.sl't.  0.70 

- 

- 

.0002 

.0232 

.0214 

.0018 

- 

.0150 

.0002 

- 

5316  !  Nov. 

7 

Nov. 

7 

V.sl't. 

Slight.!  0.65 

- 

- 

.0002 

.0220 

.0192 

.0028 

.48 

.0250 

.0001 

- 

6403 

Dec. 

3 

Dec. 

3 

V.sl't. 

V.  sl't. 

0.50 

- 

- 

.0004 

.0202 

.0186  1.0016 

.47 

.0280 

.0001 

- 

18 

90. 

5492 

Jan. 

?. 

Jan. 

3 

None. 

V.sl't. 

0.50 

_ 

_ 

.0000 

.0160 

.0154 

.0006 

_ 

.0240 

.0001 

- 

5587 

Feb. 

4 

Feb. 

4 

V.sl't. 

Slight. 

0.40 

- 

- 

.0002 

.0146 

.0130 

.0016 

_ 

.0320 

.0001 

- 

5787 

Mar. 

4 

Mar. 

4 

V.sl't. 

Cons.  10.40 

- 

- 

.0000 

.0146 

.0118 

.0028 

.44 

.0.320 

.0001 

- 

6844 

Apr. 

2 

Apr. 

2 

V.sl't. 

V.sl't.!  0.40 

- 

- 

.0000 

.0124 

.0112 

.0012 

.50 

.0300 

.0001 

- 

6938 

May 

2 

May 

2 

V.sl't. 

V.sl't. I  0.30 

- 

- 

.0006 

.0134 

.0114 

.0020 

.45 

.0300 

.0000 

- 

6029  i  June 

3 

June 

3 

Slight. 

Slight. 10.30 

4.55 

1.65 

.0006 

.0172 

.0144 

.0028 

.38 

.0300 

.0000 

_ 

6160  I  July 

2 

July 

2 

Slight. 

Cons.  i0.30 

5.00 

- 

.0000 

.0172 

.0152 

.0020 

.36 

.0300 

.0000 

2.3 

6360 

Aug. 

5 

Aug. 

5 

V.  sl't. 

Slight.,  0.20 

4.65 

1.75 

.0002 

.0218 

.0194 

.0024 

.36 

.0140  1.0002 

2.3 

6464 

Sept. 

2 

Sept. 

3 

Slight. 

Slight.|0.25 

4.40 

0.80 

.0006 

.0212 

.0182 

.0030 

.39 

.0170  1.0002 

2.3 

6558 

Oct. 

2 

Oct. 

2 

Slight. 

Slight.l  0.30 

4.85 

1.00 

.0002 

.0162 

.0142 

.0020 

.39 

.0150  1.0001 

2.2 

6684 

Nov. 

4 

Nov. 

4 

V.sl't. 

V.sl't. 

0.60 

4.85 

1.20 

.0002 

.0198 

.0180 

.0018 

.43 

.0150  .0002 

2.1 

6770 

Dec. 

2 

Dec. 

2 

V.sl't. 

V.  sl't. 

0.25 

4.90 

1.10 

.0010 

.0184 

.0148 

.0036 

.48 
.42 

.0200 

.0003 

2.1 

Av. 

0.44 

4.70 

1.25 

.0004 

.0187 

.0163 

.0024 

.0225 

.0001 

2.2 

Odor,  none  or  very  faintly  vegetable,  rarely  unpleasant. 


Microscopical  Exaviination. 

[Number  of  organisms  per  cubic  centimeter.] 


1S89. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,    .... 

10 

3 

7 

6 

3 

9 

4 

4 

5 

5 

Number  of  sample 

4800 

4899 

5037 

5127 

5219 

5316 

5403 

5492 

5587 

5737 

PLANTS. 

Diatomacese 

29 

44 

27 

215 

50 

49 

13 

15 

56 

296 

Asterionella 

Melosira,  ...... 

Stephanodiscus,       .... 

Synedra, 

Tabellaria 

0 
pr. 

25 
0 

4 

pr. 

0 
12 

1 
31 

0 

5 

4 

11 

7 

156 

0 

pr. 

21 

38 

16 
4 
0 

1 
29 

15 

1 

pr. 

4 

29 

4 
4 
3 
2 

pr. 

2 
8 
3 
2 

0 

7 

42 

pr. 

0 

79 

193 

5 

pr. 

19 

Cyanophycese,     .       .       .       . 

0 

26 

6 

21 

5 

0 

0 

pr. 

0 

0 

Anabasna,         ..... 

Chroococcus, 

Clathrocystis, 

Coelosphoerium,       .... 

0 
0 
0 
0 

0 

23 

3 

pr. 

0 

4 

2 

pr. 

4 
13 

2 

2 

0 

3 

pr. 

0 
0 

pr. 

pr. 

0 
0 
0 
0 

0 

0 

0 

pr. 

0 
0 
0 
0 

0 
0 
0 
0 

Algse 

0 

47 

0 

7 

3 

4 

0 

9 

0 

0 

Chlorococcus, 

Coelastrum,      ..... 

0 
0 

47 
0 

0 
0 

7 
0 

3 
0 

4 
0 

0 
0 

7 
2 

0 
0 

0 
0 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

ANIMALS. 

Infusoria 

pr. 

5 

17 

5 

2 

1 

pr, 

pr. 

1 

26 

Dinobryon, 

Monas, 

Peridinium, 

pr. 
0 
0 

5 
0 
0 

17 

0 
0 

5 

0 
0 

2 

0 

pr. 

pr. 
1 
0 

0 

0 

pr. 

0 

0 

pr. 

pr. 
0 
1 

4 
20 

2 

Porifera,    Sponge  spicules,   . 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

Total  Organisms,    . 

29 

122 

50 

248 

60 

54 

13 

22 

57 

322 

April. 


May. 


July. 


Aug. 


Sept. 


Day  of  examination, 
Number  of  sample,  . 


5 
5844 


3 

5938 


5 

6029 


2 
6160 


6 
6360 


3 

6464 


2 

6558 


2 
6770 


PLANTS. 
DiatomacesB, 

Asterionella, 
Melosira, 
Stephanodiscus,   . 
Synedra, 
Tabellaria,    . 

Cyanoptiyceae,  . 

Anabsena, 
Chroococcus, 
Clathrocystis, 
Coelosphaerium,    . 

Algse 

Chlorococcus, 
Coelastrum,   . 

ANIMALS. 
Infusoria,     . 

Dinobryon,   . 

Monas 

Peridinium,  . 

Porifera.    Sponge  spicules 


1,093 

601 

278 

19 

37 

158 


25B 

16 
36 
12 
35 
157 


195 

4 

10 

100 

3 

78 


26 


26 

pr. 
3 

2 
14 


122 


120 

2 


163 

137 

19 

1 

0 

6 


107 

66 
12 

0 
29 

0 


2 

2 

pr. 


197 

84 

78 

5 

5 

25 


19 

0 

pr. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

169 

175 

41 

pr. 
0 
0 


Total  Organisms, 


1,130 


271 


197 
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BOSTOlSr. 

CocHiTUATE  Works. —  Chemical  Examination  of  Water  from  the  South  Boston 

Bistrihuting  Reservoir. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

Kesidueon 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

^ 

. 

Albuminoid. 

1 

g 

1  c; 

g-5 

3 

1 
-5 

o 

"3 

|s 

, 

"3 

o 

c 
o 

« 

i 

1 

t) 

'A 

&H 

03 

O 

H 

1-q 

^ 

r^ 

G 

CC 

O 

!2i 

'A 

B3 

18 

89. 

4848 

June  18 

June  19 

Disft. 

Cons. 

0.0 

4.25 

1.15 

.0002 

.0230 

.0198 

.0032 

.60 

.0080 

.0002 

- 

Odor,  musty. The  sample  was  collected  from  the   reser%-oir.     This  reservoir  is  not  now  in  use 

and  no  change  had  heen  made  in  the  water  for  a  year,  and  very  little  for  several  years  previous  to  the 
collection  of  the  sample. 

Microscopical  Examination . 

Algae,  Arthrodemnus,  1;    Raphidiuin,  14;    Staurastrum,  33.     Fungi,  Leptothrix,  2.    Crustacea, 
Daphnia,  pr.    Total  organisms,  50. 


Mystic  Supply.  —  Chemical  Exainination  of  Water  froyn  Mystic  Lake. 

[Parts  per  100,000.] 


Date  of 

Appeaeance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

a 

a 

Albuminoid. 

n 

S 

1  "°^ 

3-~ 

is 

3 

1 

. 

OS, 

tt 

■6 
> 

"S 

1 

o 

H 

E-i 

M 

o 

Eh 

1-1 

fe 

H 

a 

03 

o 

!zi 

(Zi 

n 

18 

89. 

4793 

June    5 

June 

7 

Dist't. 

Slight, 
earthy. 
SUght. 

0.45 

- 

- 

.0264 

.0374 

.0268 

.0106 

1.54 

.0450 

.0025 

- 

4905 

July    2 

July 

3 

Dist't. 

0.35 

_ 

_ 

.0068 

.0370 

.0242 

.0128 

1.60 

.0300 

.0017 

_ 

5035 

Aug.   6 

Aug. 

7 

Slight. 

Cons. 

0.50 

- 

- 

.0120 

.0418 

.0318 

.0100 

1.98 

.0200 

.0008 

_ 

5142 

Sept.   4 

Sept. 

5 

Slight.!  Slight. 

0.28 

- 

- 

.0008 

.0252 

.0190 

.0062 

1.96 

.0180 

.0006 

_ 

5224 

Oct.     3 

Oct. 

4 

Slight.!  V.sl't. 

0.15 

- 

- 

.0020 

.0198 

.0168 

.00.30 

1.SS 

.0280 

.0005 

_ 

5314 

Nov.    6 

Nov. 

7 

V.sl't. 

V.sl't. 

0.25 

_ 

_ 

.0092 

.0200 

.0168 

.0032 

1.94 

.0420 

.0005 

_ 

5407 

Dec.    3 

Dec. 

4 

Slight. 

Slight. 

0.10 

- 

- 

.0352 

.0216 

.0196 

.0020 

1.71 

.0300 

.0012 

- 

1890. 

5500 

Jan.     31  Jan. 

4 

Dist't. 

Slight. 

0.15 

- 

- 

.0400 

.0220 

.0196 

.0024 

1.58 

.0600 

.0013 

_ 

5590 

Feb.    4 

Feb. 

5 

Slight. 

Slight.!  0.20 

_ 

_ 

.0344 

.0158 

.01.34 

.0024 

1.60 

.0800 

.0015 

_ 

5743 

Mar.    4 

Mar. 

5 

Dist't.  I  Slight. 

0.20 

_ 

_ 

.0400 

.0278 

.0198 

.0080 

L.-JR 

.0800 

.0012 

_ 

5841 

Apr.    1 

Apr. 

2 

Slight.'  Slight. 

0.25 

_ 

_ 

.0300 

.0244 

.0174 

.0070 

1.29 

.0550 

.0010 

_ 

5947 

May    5 

May 

6 

Slight.  Slight. 

0.03 

- 

_ 

.0120 

.0152 

.0122 

.0030 

1..30 

.1250 

.0007 

_ 

6038 

June   4 

June 

4 

Slight,  Slight. 
milky. 

0.20 

- 

- 

.0036 

.0206 

.0174 

.0032 

1.02 

.1250 

.0006 

- 

6164 

July    2 

July 

3 

Slight.:  Slight. 

0.05 

8.20 

- 

.0000 

.0160 

.0134 

.0026 

1.05 

.1600 

.0003 

,^.6 

6340 

Aug.    4 

Aug. 

4 

Slight.l  Slight. 

0.00 

10.15 

2.25 

.00141.0216 

.0182 

.0034 

1.39 

.0700 

.0003 

3.6 

6470 

Sept.   3 

Sept. 

4 

Slight. 

Slight. 

0.05 

10.60 

1.95 

.0004 

.0226 

.0200  1.0026 

2.05 

.0200 

.0003 

3.9 

6565 

Oct.     6 

Oct. 

7 

Slight. 

Slight. 

0.05 

11.00 

1.40 

.0004 

.0204 

.0140 

.0064 

2.28 

.0400 

.0002 

3.S 

6687 

Nov.    4 

Nov. 

5 

V.sl't. 

V.sl't. 

0.20 

10.40 

1.20 

.0240 

.0204 

.0174 

.0030 

1.76 

.0550 

.0008 

3.6 

67  80 

Dec.    2 

Dec. 

3 

Slight. 

V.sl't. 

0.15 

11.10 

2.10 

.0496 

.0402 

.0364 

.0038 

1.96 
1.65 

.0850 

.0018 

4.0 

Av. 

0.19 

10.65 

1.78 

.0173 

.0247 

.0197 

.0050 

.0615 

.0009 

3.7 

Odor,  generally  very  faint  or  none;  frequently  vegetable,  sometimes  mouldy. The  samples  were 

collected  from  the  lake,  near  the  gate-house.  For  analyses  of  samples  of  water  from  various  depths  in 
the  lake,  collected  July  29,  1889,  see  special  report  of  the  State  Board  of  Health  on  Water  Supply  and 
Sewerage,  1890,  Part  I.,  p.  766.    For  monthly  record  of  heights  of  water  in  this  lake,  see  page  108. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination,    . 
Number  of  sample, 


10 

4793 


July. 


5 
4905 


Aug.     Sept.     Oct. 


7 

7 

5035 

5142 

31 

278 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

31 

26a 

0 

2 

31 

1 

9 

0 

0 

0 

7 

0 

15 

1 

18 

4 

16 

3 

0 

0 

2 

0 

0 

1 

7 

0 

5 
5224 


9 
5314 


4 
5407 


4 
5500 


PLANTS, 
Diatomaceee, 

Asterionella,    . 
Diatoma,  . 
Melosira,  . 
Nitzchia,  . 
Stephanodiscus, 
Synedra,  .        . 
Tabellaria, 

Cyanophycese,     . 

Anabsena, 
Chroococcus,    . 
Clathrocystis,  . 
Cffilosphserium, 

Algae,  .... 

Chlorococcus,  . 
Raphidium, 
Scenedesmus,  . 
Staurastrum,    . 


Fungi.    Crenothrix, 


4 
0 
0 
0 
pr. 
5 
0 


158 

18 
0 
0 
0 
0 
138 
pr. 


215 

201 

0 

pr. 

14 


0 
0 
pr. 
0 
4 
4 
3 


0 

0 

0 

pr. 


pr. 

0 

0 

pr. 


60 


0 

0 

pr. 

0 


ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria, 


Ciliated  infusorian, 
Dinobryon, 
Peridinium, 
Trachelomonas, 


Vermes,    . 

Anurea,    . 
Rotatorian  ova, 


Crustacea.    Cyclops, 


0 

0 

pr. 


pr. 


pr. 
0 


pr. 


2 
pr. 


Total  Organisms,    . 


18 


459         94 


291 


16 


29 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

>fov. 

Dec. 

Day  of  examination, 

2 

6 

7 

8 

5 

4 

7 

5 

4 

Number  of  sample,  .... 

5841 

5947 

6038 

6164 

6340 

6470 

6565 

6687 

6780 

PLANTS. 

1 

Diatomacese,      .... 

1,336 

1,723 

1,088 

326 

8 

7 

92 

27 

129 

Asterionella, 

Diatoma, 

Melosira, 

Nitzchia, 

Stephanodiscus, 

Synedra, 

Tabellaria,    . 

1,330 
0 
3 
0 
pr. 
2 
1 

1,715 
0 
2 
0 
0 
6 
0 

348 
0 
0 
0 
2 

712 
26 

42 
0 
0 
0 
0 
284 
0 

0 
0 
0 
0 
2 
6 
0 

0 
0 
0 
0 
0 
6 
1 

0 

8 
0 
0 

7 
74 
3 

2 
10 
3 
0 
3 
8 
1 

43 
12 
15 
14 

0 
45 

0 

Cyanophycese,  .... 

0 

0 

0 

0 

0 

0 

5 

0 

0 

Anabfnna,      .         . 
Chroococcus,         .... 

Clathrocystis 

Cffilosphasrium,    .... 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

Q 
0 
0 
0 

0 
0 
0 
5 

0 
0 
0 
0 

0 
0 
0 
0 

Alg-se,      ...... 

3 

pr, 

4 

515 

46 

0 

4 

pr. 

47 

Chlorococcus 

Raphidium 

Scenedesmus,        .... 
Staurastrum,         .... 

3 
0 
0 
0 

pr. 
0 
0 
0 

2 
0 
0 
2 

488 

3 

3 

21 

44 
0 
2 
0 

0 
0 
0 
0 

3 
0 
1 
0 

0 
0 

^^0 

8 
26 
13 

0 

Fungi.     Crenothrix, 

0 

0 

0 

0 

0 

0 

0 

2 

13 

ANIMALS. 

Rhizopoda.    Actlnophrys, 

0 

0 

0 

0 

76 

0 

0 

0 

0 

Infusoria 

pr. 

0 

0 

2 

\% 

2 

18 

0 

1 

Ciliated  infusorian, 

Dinobryou 

Peridin'ium 

Trachelomonas 

pr. 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
2 
0 

0 

0 

12 

2 

0 
0 
0 
2 

0 

17 

0 

1 

0 
0 
0 
0 

0 

pr. 

0 

1 

Vermes 

0 

0 

0 

0 

0 

1 

6 

0 

0 

Anurea, 

Rotatorian  ova,    .... 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

1 
0 

2 
4 

0 
0 

0 
0 

Crustacea.    Cyclops, 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

Total  Organisms,  . 

1,339 

1,723 

1,092 

843 

144 

10 

125 

29 

190 

106 
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Chemical  Examination  of  Water  from  College  Hill  Reservoir  and  from  a  faucet  in 

Everett, 

[Parts  per  100,000.] 


Date  of 

Appearakck. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia.     . 

Nitrogen 

AS 

j:^ 

c 

Albuminoid. 

1 

o 
o 

a- 

a 

'2 

S 
'■3 

«      ■ 
o 

S  gi 

"3 

a> 
> 

■§ 

til  S 

C  P. 

■5 

o 

1 

1 

2 
1 

03 

'A 

Q 

H 

in 

m 

O 

H 

^A 

fe 

H 

S 

w 

O 

S 

!? 

(H 

IS 

89. 

4794 

June    5 

June    7 

Dist't. 

Cons. 

0.35 

- 

- 

.0076 

.0302 

.0210 

.0092 

1.59 

.0600 

.0003 

- 

5282 

Oct.  24 

Oct.  25 

None. 

None. 

0.25 

- 

_ 

.0004 

.0134 

- 

- 

- 

.0420 

.0001 

- 

Odor,  none;  became  vegetable  on  heating. Sample  No.  4794  was  collected  from  the  reservoir. 

No.  5282  was  collected  from  a  faucet  in  a  house  on  Main  Street,  Everett. 

Microscopical  Examination. 

No.  4794.  Diatomacea3,  yl.sfe>'ioM«^ia,  108;  3Ielosira,  1;  Stephanodiscus,  80;  Synedra,  480.  Cyan- 
ophyccce,  ylwaftceMfz,  pr.  Algse,  C/Uorococcus,  b6;  Closterium,  1.  lutusona,  Dinobryon,S;  Peridinium, 
1.     Total  organisms,  735. 

No.  5282.  Diatomacese,  Stephanodiscus,  2;  Tabellaria,  2.  Algae,  Spirotmiia,  2.  Total  organ- 
isms, 6. 


Jamaica  Pond  Supply.  —  Chemical  Examination  of  Water  from  Jamaica  Pond. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

Eesidue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen' 

AS 

c 

A 

Albuminoid. 

c 

o 

>. 

g 

T3 

■a 

6 

w 

s 

1 

o 

a-- 

c3 

"3 
3 

a 

o 

■3 

6 

-S 

> 
0 

-a 
1  ^ 

3 

C3 

'S 

'A 

O 

w 

EH 

tc           C) 

H 

1-1 

fa 

Eh 

a 

CO 

c; 

25 

•A 

w 

18 

89. 

4786 

June    5 

June 

5 

Dec'd. 

Slight. 

0.03 

_ 

_ 

.0000 

.1600 

.0246  .1354 

.83 

.0030 

.0002 

_ 

4828 

June  12 

June  13 

Dec'd. 

Cons. 

0.03 

_ 

_ 

.0010 

.1306 

.0276  .1030 

.0000 

.0000 

_ 

4860 

June  20 

June  20 

Dec'd.:  Cons. 

0.08 

_ 

_ 

.0004 

.0722 

.0342  .0380 

_ 

.0020 

.0000 

_ 

4879 

June  27 

June 

27 

Dec'd.  Slight. 

0.00 

_ 

_ 

.0002 

.0584 

.03481.0186 

.0020 

.0000 

_ 

4903 

July    2 

July 

2 

Dec'd. 

Slight. 

0.05 

_ 

_ 

.0092 

.0448 

.0344 

.0104 

_ 

.0030 

.0002 

- 

5033 

Aug.   6 

Aug. 

6 

Dec'd. 

V.sl't. 

0.05 

_ 

_ 

.0004 

.0476 

.0240 

.0236 

_ 

.0020 

.0001 

_ 

5129 

Sept.   4 

Sept. 

4 

Dist't. 

V.sl't. 

0.00 

_ 

_ 

.0004 

.0266 

.0190 

.0076 

_ 

.0040 

.0000' 

- 

5220 

Oct.     3 

Oct. 

3 

Dist't. 

V.sl't. 

0.00 

_ 

_ 

.0010 

.0264 

.0172 

.0092 

_ 

.0030 

.0000 

_ 

5305 

Nov.    6 

Nov. 

6 

Slight. 

V.  sl't. 

0.00 

_ 

_ 

.0090 

.0196 

.0168 

.0028 

_ 

.0120 

.0003 

- 

5402 

Dec.    3 
18 

Dec. 
90. 

3 

V.sl't. 

Slight. 

0.00 

~ 

~ 

.0504 

.0218 

.0182 

.0036 

! 

.0380 

" 

5497 

Jan.    3 

Jan. 

3 

Dist't. 

Cons. 

0.00 

_ 

_ 

.0336 

.0310 

.0186 

.0124 

_ 

.0400 

.0017 

- 

5588 

Feb.    4 

Feb. 

4 

Dist't. 

Slight. 

0.00 

_ 

_ 

.0192 

.0266 

.0160 

.0106 

_ 

.0400 

.0016 

- 

5738 

Mar.    4 

Mar. 

4 

Slight.'  Cons. 

0.00 

_ 

_ 

.0032 

.0226 

.0130 

.0096 

.88 

.0380 

.0013 

- 

5843 

Apr.    2 

Apr. 

2 

Dist't,  .Heavy. 

0.00 

_ 

_ 

.0004 

.0364 

.0164 

.0200 

.84 

.0550 

.0007 

- 

5941 

May    5 

May 

5 

Dist't.  1  Cons., 

0.00 

_ 

_ 

.0030  1.0242 

.0162 

.0080 

_ 

.0450 

.0007 

- 

white. 

6036 

June    4 

June 

4 

Slight. 

Slight. 

0.00 

_ 

_ 

.0044 

.0194 

.0148 

.0046 

.82 

.0280 

.0006 

- 

6162 

July    2 

July 

2 

V.sl't. 

V.sl't. 

0.00 

7.30 

- 

.0060 

.0254 

.0178 

.0076 

.82 
.84 

.0100 

.0003 

3.6 

Av. 

0.01 

- 

.- 

.0100 

.0340 

.0194 

.0146 

.0228 

.0006 

Odor,  generally  vegetable;   frequently  disagreeable. The  samples  were  collected  from  a  faucet 

at  the  pumping-station,  while  pumping,  or  from  the  pond  near  the  conduit.  The  conduit  is  located  at  a 
depth  of  6.5  feet  below  high  water.  For  analyses  of  the  water  of  this  pond  at  various  depths  in  1889 
and  1890,  see  Report  on  Water  Supply  and  Sewerage,  1890,  Part  I.,  pp.  756-759. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


June. 


July. 


Aug. 


Sept. 


Day  of  examination, 

Number  of  sample, 


10 

4786 


13 

4828 


3 
4903 


6 
5033 


3 

5220 


4 
5402 


PLANTS. 
Diatomacese,  . 

^      Asterionella,     . 

Synedra,    .        .      '  . 

Cyanophycese.    Oscillaria, 

Algse,  .       ... 

Chlorococcus,    . 
Coelastrum, 
Polyedrium, 
Staurastrum,     . 
Zoospores, 

ANIMALS. 
Infusoria, 

Ceratium 

Dinobryon, 

Monas 

Peridinium, 
Trachelomonas, 


240 
0 


960 

0 

0 
0 
0 
0 
0 


pr. 
150 

0 

0 
0 
0 
0 
0 


184 

0 

0 
0 
0 
0 

0 


564 
20 


496 


282 

pr. 

0 
pr. 

0 
pr. 


pr. 


0       pr. 


20 


Total  Organisms, 


150 


291 


Feb. 


Mar.       April. 


May. 


July. 


Day  of  examination. 
Number  of  sample, 

PLANTS. 
Diatomacese,    . 

Asterionella, 

Synedra,     .... 

Cyanophycese.    Oscillaria, 

Algas,    .       . 

Chloroccocus,     . 

Ccelastrum, 

Polyedrium, 

Staurastrum, 

Zoospores, .... 


5497 


5 
5588 


5 

5738 


5 
5843 


6 
5941 


2 
6162 


25 

276 

25 

276 

0 

0 

0 

0 

31 

0 

0 

0 

0 

0 

0 

0 

0 

0 

31 

0 

1,260 

1,258 
2 


4,980 
4,972 


0 
0- 

0     1 
0     i 


1,416 


252 
1,164 


64 

64 
pr. 


288 


109 

29 

24 

56 

0 

0 
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Microscopical  Examination —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

ANIMALS. 
Infusoria,  .       .       .       .       . 

Ceratium 

Dinobryon, 

Monas,         .        .        .        . 

Peridinium, 

Trachelomonas, 

0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

3 

0 
0 
0 
0 
3 

10 

0 
0 
10 
0 
0 

2 

0 
0 
0 
2 
0 

1 

1 

0 
0 
0 
0 

114 

6 
0 
0 
108 
0 

Total  Organisms,      .... 

56 

276 

1,265 

4,990 

1,420 

353 

226 

Table  showing  the  Average  Monthly  Heights  above  tide-marsh  level  of  the  Water  in 
the  Lakes  and  Storage  Rese^'voirs  of  the  Boston  Water  Works,  from  which  samples 
of  Water  were  collected. 


MONTHS. 

Reservoir 
No.  2. 

Flash  Boards. 

167.12 

Keservoir 
No.  3. 

Stone  Crest. 

175.24 

Reservoir 
No.  4. 

Flash  Boards. 

215.21 

Farm  Pond. 

High  Water. 

149.25 

Lake  Cochit- 
uate. 

High  Water. 

134.36 

Mystic  Lake. 

High  Water. 

7.00 

1889. 

1890. 

1889. 

1890. 

1889. 

1890. 

1889. 

1890. 

1889. 

1890. 

1889. 

1890. 

January, 

- 

166.12 

- 

175.55 

- 

214.53 

- 

149.64 

- 

132.49 

- 

5.53 

February, 

- 

166.15 

- 

175.57 

- 

214.54 

- 

149.27 

- 

132.38 

- 

5.44 

March,    . 

- 

164.63 

- 

173.92 

- 

213.53 

- 

149.54 

- 

132.30 

- 

5.15 

April,     . 

- 

166.18 

- 

175.56 

- 

214.59 

- 

149.29 

- 

133.03 

- 

5.93 

May, 

-    ■ 

166.57 

- 

175.56 

- 

214.54 

- 

149.60 

- 

133.82 

- 

6.44 

June, 

166.01 

167.18 

175.47 

175.45 

214.76 

214.71 

149.45 

149.59 

133.71 

133.56 

6.58 

6.55 

July,       .        . 

163.52 

162.37 

175.43 

175.17 

215.01 

213.90 

149.36 

149.15 

132.85 

131.99 

6.63 

5.73 

August,  . 

167.27 

160.86 

175.60 

174.21 

215.01 

208.51 

149.55 

148.85 

132.73 

130.34 

6.43 

3.82 

September,     . 

167.04 

164.02 

175.34 

175.14 

215.09 

202.33 

149.41 

149.07 

1.30.75 

129.55 

6.32 

3.31 

October, 

164.50 

165.85 

175.41 

175.62 

214.77 

205.15 

149.50 

149.54 

131.23 

130.38 

6.31 

4.68 

November, 

162.70 

166.13 

175.. 54 

175.52 

214.57 

212.53 

149.36 

149.19 

131.77 

132.47 

4.01 

5.65 

December, 

166.27 

166.09 

175.70 

175.47 

214.66 

214.13 

149.46 

149.26 

132.99 

132.64 

5.66 

5.48 

Water  Supply  of  Bradfoed. — Bradford  Water  Company. 

Description  of  Works. — Population  in  1890,  3,720.  The  works 
are  owned  by  the  Bradford  Water  Company.  Water  was  introduced 
in  April,  1890.  The  average  daily  consumption  in  the  summer  ot 
1890  was  about  120,000  gallons.     The  sources  of  supply  are  seven 
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BRADFORD. 

wells  on  the  southerly  shore  of  Porter's  Island  in  the  Merrimack 
River,  below  Bradford  and  Haverhill,  and  one  well  on  the  Bradford 
bank  of  the  river,  opposite  the  island.  The  wells  on  the  island  are 
placed  in  a  line  about  1,000  feet  in  length,  parallel  to  the  shore  and 
distant  from  it  somewhat  more  than  100  feet.  The  three  wells 
farthest  up  stream  are  12  feet  square,  while  all  of  the  others  are 
12  feet  by  24  ;  each  of  the  wells  is  about  20  feet  in  depth.  Seven 
of  the  wells  are  lined  and  braced  with  spruce  plank  and  timbers,  but 
for  the  remaining  one,  pine  was  used.  The  bottoms  of  the  wells  are 
about  15  feet  below  ordinary  water  in  the  river.  All  of  the  wells 
are  covered,  llie  well  on  the  Bradford  shore  is  about  30  feet  in 
depth,  the  lower  5  or  6  feet  being  in  rock.  This  well  has  been  used 
but  little,  and  its  use  has  been  discontinued.  Water  is  pumped 
from  the  wells  to  an  open  distributing  reservoir  on  a  hill  not  far 
from  the  pumping-station.  The  reservoir  is  126  feet  square  at 
the  top,  70  feet  square  at  the  bottom  and  14  feet  in  depth  at  high 
water.  Its  capacity  is  about  1,000,000  gallons.  There  is  also  a 
small  covered  reservoir  located  near  the  open  one,  but  at  a  some- 
what lower  level.  It  is  24  feet  in  diameter  and  11  feet  in  depth, 
and  holds  about  40,000  gallons.  The  bottom  and  walls  are  covered 
with  cement  and  made  as  nearly  water-tight  as  possible.  About 
one-half  of  the  distributing  mains  are  of  cast  iron,  the  remainder 
beino-  of  wrouo:ht  iron  lined  with  cement. 

Chemical  Examination  of  Water  from  the  Well  of  the  Bradford  Water  Company. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Ammonia. 

Nitrogen 

AS 

^ 

g 

o 

-^ 

s 

o 

i 

1 

-a 

S 
■3 

o 

6 

n  > 

6 

< 

o 
O 

1 

g 

-3 

03 
X 

18 

89. 

4976 

July  24 
18 

July  25 
90. 

None. 

None. 

0.0 

3.95 

.0000 

.0014 

.21 

.0400 

.0000 

1.6 

6559 

Oct.     2 

Oct.     2 

Very  slight. 

Very  slight. 

0.0 

5.30 

.0002 

.0036 

.34 

.0150 

.0001 

2.6 

Odor,  none. Sample  No.  4976  was  collected  from  a  tubular  well  on  Porter's  Island,  during  the 

construction  of  the  works;  No.  6559  from  a  faucet  in  the  pumping-station. 


No  organisms. 


Microscopical  Examination. 
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Chemical  Exmnination  of  Water  from  the  Distributing  Reservoir  of  the  Bradford 

Water  Company. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

c 
o 

°| 

3  t» 

Ammonia. 

s 

o 

Nitrogen 

AS 

i 
a 

_3 

6 

.2 

1 

o 

3 

£ 

o 

1' 

2 

g 

'3 
S 

18 

90. 

8560 

Oct.     2 

Oct.     2 

Very  slight. 

Very  slight. 

0.0 

5.65. 

.0002 

.0076 

.33 

.0200 

.0000 

2.6 

Odor,  none. The  sample  was  collected  from  the  reservoir;  no  water  had  been  pumped  into  the 

reservoir  for  39  hours. 

Microscopical  Examination. 

Diatomaceae,  iSi/reecfrre,  7.    Cyanophyceas,  Ofef/iroc^/sijs,  4.    Algas,  (7/itoroeocats,  1.    Infusoria,  2)iwo- 
bryo7i,\%;  Peridinium,  4.Z.    Total  organisms,  73. 

Water    Supply    of   Bridge  water    and   East    Bridgewater.  — 

The    Bridge  waters   Water   Company. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Bridgewaters  Water 

Company. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

.2 

Ammonia. 

Nitrogen 

as 

S 

J3 
3 

g 

■a 
o 
a 

1 

i 

1 

1 

o 

X 

'^ 

o 

fc^ 

■♦ii 

C3 

!zi 

O 

W 

H 

m 

Q 

i^ 

Ii< 

<l 

Q 

!zi    ■ 

'A 

w 

18  89. 

4813 

June  11   June  12 

Very  slight. 

Consid'ble. 

0.0 

- 

.0010 

.0018 

.51 

.0250 

.0001 

- 

Odor,  none. The  sample  was  collected  from  the  well. 

Microscopical  Examination. 

Fungi,  Crenothrix,  5. 


Water  Supply  of  State  Farm,  Bridgewater. 

Chemical  Examination  of  Water  from  a  faucet  at  the  State  Farm,  Bridgewater. 


[Parts  per  100,000.] 


Odor,  none ;  becomes  vegetable  on  heating. The  sample  was  collected  from  a  faucet  in  the  oflfice 

of  the  superintendent,  the  water  being  supplied  from  the  Taunton  River, 

Microscopical  Examination. 

Diatomacese,  Cer-atoweis,  pr. ;   Synedra,!.    Algse,  Cow/erwa,  pr.    Yungi,  Crenothix,  A;   Leptothrix, 
1.    Infusoria,  ^wp'^erea,  pr.;  JLfoTias,  pr.;  Per^(?^«^Mn^,  pr.;  Ciliated  infusorian,-pr.    Total  organisms,  12. 
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Water  Supply  or  Brockton. 

Chemical  Examination  of  Water  from  Salisbury  BfvoJc  at  the  point  ivhere  it 
enters  the  Storage  Reservoir. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

K'esiduk  on 
Evapora- 
tion. 

Ammonia. 

3 

5 

.26 

Nitrogen 

AS 

S 

o 

o 
O 

>> 

3 

1 
■3 
CO 

o 
O 

1 

o."t: 

3« 

Albuminoid. 

1 

S 

B 

o 
Eh 

> 
o 

s 

■a 

13 

1 

4807 
4867 
4915 
4962 
5100 

18 

June  10 

June  24 
July    8 
July  22 
Aug.  26 

89. 

June  11 

June  25 
July    9 
July  23 
Aug.  27 

V.sl't. 
V.sl't. 
V.sl't. 
V.sl't. 
V.sl't. 

V.sl't. 
None. 
V.sl't. 
V.sl't. 
None. 

2.3 
1.8 
1.9 
2.5 
1.8 

- 

- 

.0024 
.0018 
.0012 
.0024 
.0030 

.0402 
.0462 
.0458 
.0536 
.0416 

.0354 
.0442 
.0438 
.0528 
.0392 

.0048 
.0020 
.0020 
.0008 
.0024 

.0020 
.0020 
.0030 
.0040 
.0040 

.0001 
.0001 
.0001 
.0001 
.0000 

- 

Av. 

2.0 

- 

- 

.0023 

.0448 

.0424 

.0024 

.0032 

.0001 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  brook  just  before  it  enters  the 

reservoir. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

June. 

June. 

July. 

July. 

Aug. 

Day  of  examination,          .... 
Number  of  sample 

11 

4807 

25 

4867 

9 
4915 

24 
4962 

27 
5100 

PLANTS. 
Diatomacese.    Synedra,    . 

Fungi.    Leptothrix,      .... 

1 

0 

0 
10 

1 
0 

0 
0 

pr. 
0 

ANIMALS. 
Infusoria.    Dinobryon, 

Crustacea  (several  genera), 

0 
0 

0 
0 

7 

pr. 

0 
0 

pr. 
0 

Total  Organisms 

1 

10 

8 

0 

pr. 

112 


STATE  BOARD  OF  HEALTH. 


[Pub.  Doc. 


BEOCKTOX. 

Chemical  Examiination  of  Water  from  Salisbury  Brook  Storage  Reservoir,  collected 
one  foot  beneath  the  surface. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

Nitrogen 

AS 

-   s 

c 

Albuminoid. 

a 

3 

'A 

_S 
"5 

o 
O 

1  2 

1 

o 

o 
"3 
o 

■3 

0 

"3 

> 

0 

6 
.S 

0 
6 

C3 

1 

18 

89. 

4808 

June  10 

June  11 

DiBt't. 

Slight. 

1.10 

- 

- 

.0028 

.0310 

.0218 

.0092 

- 

.0020 

- 

- 

4868 

June  24 

June  25 

Dec'd. 

Cons. 

1.30 

- 

- 

.0006 

.0430 

.0322 

.0108 

.28 

.0030 

.0000 

- 

4963 

July  22 

July  23 

Dec'd. 

Cons. 

0.90 

- 

- 

.0006 

.0638 

.0268 

.0370 

- 

.0050 

.0001 

- 

5045 

Aug.  12 

Aug.  13 

Dist't. 

Slight. 

1.10 

- 

- 

.0082 

.0440 

.0318 

.0122 

- 

.0030 

.0002 

- 

5101 

Aug.  26 

Aug.  27 

Dist't. 

Cons. 

0.90 

- 

- 

.0052 

.0376 

.0276 

.0100 

- 

.0040 

.0001 

- 

5152 

Sept.  9 

Sept.  10 

Slight. 

Slight. 

0.80 

- 

- 

.0028 

.0372 

.0290 

.0082 

- 

.0040 

.0001 

- 

5197 

Sept.  23 

Sept.  24 

Dist't. 

Slight. 

1.10 

- 

- 

.0094 

.0334 

.0276 

.0058 

- 

.0090 

.0001 

5248 

Oct.  11 

Oct.  12 

Dist't. 

Slight. 

1.00 

- 

- 

.0058 

.0340 

.0286 

.0054 

- 

.0090 

.0002 

- 

5327 

Nov.  11 

Nov.  12 

Slight. 

Slight. 

0.90 

- 

- 

.0074 

.0264 

.0244 

.0020 

- 

.0070 

.0001 

- 

5378 

Nov.  25 

Nov.  26 

V.sl't. 

Slight. 

1.10 

- 

- 

.0054 

.0318 

.0204 

.0114 

- 

.0060 

.0001 

- 

5444 

Dec.  16 
18 

Dec.  17 
90. 

Slight. 

Slight. 

1.00 

- 

- 

.0044 

.0258 

.0244 

.0014 

- 

.0040 

.0001 

- 

5548 

Jan.  20 

Jan.  21 

V.sl't. 

Slight. 

0.90 

- 

- 

.0020 

.0252 

.0232 

.0020 

- 

.0100 

.0000 

- 

6656 

Feb.  13 

Feb.  14 

Slight. 

Slight. 

0.80 

- 

- 

.0008 

.0218 

.0194 

.0024 

- 

.0060 

.0001 

- 

5790 

Mar.  17 

Mar.  18 

Slight. 

Slight. 

1.00 

- 

- 

.0000 

.0156 

.0140 

.0016 

.33 

.0080 

.0001 

- 

5884 

Apr.  15 

Apr.  16 

V.sl't. 

Slight. 

0.45 

- 

- 

.0006 

.0182 

.0142 

.0040 

.32 

.0040 

.0000 

- 

5993 

May  19 

May  20 

Slight. 

Cons. 

0.65 

- 

- 

.0006 

.0280 

.0210 

.0070 

.25 

.0050 

.0000 

- 

6113 

June  23 

June  24 

Dist't. 

Cons. 

0.70 

- 

- 

.0028 

.0292 

.0216 

.0076 

- 

.0040 

.0001 

0.9 

6215 

July  14 

July  15 

Dist't. 

Cons. 

0.70 

3.65 

- 

.0022 

.0326 

.0264 

.0062 

.26 

.0000 

.0000 

1.1 

6.305 

July  28 

July  29 

Dec'd. 

Cons. 

0.70 

5.35 

3.50 

.0000 

.0430 

.0298 

.0132 

.29 

.0000 

.0002 

0.9 

6398 

Aug.  13 

Aug.  14 

Dist't. 

Slight. 

0.75 

3.85 

2.05 

.0076 

.0308 

.0262 

.0046 

.30 

.0050 

.0001 

1.1 

6435 

Aug.  25 

Aug.  26 

Dist't. 

Slight. 

1.00 

4.10 

2.55 

.0066 

.0344 

.0278 

.0066 

.28 

.0150 

.0003 

1.1 

6478 

Sept.  8 

Sept.  9 

Slight. 

Slight. 

0.90 

3.85 

1.40 

.0002 

.0344 

.0262 

.0082 

.28 

.0100 

.0001 

1.1 

6536. 

Sept.  22 

Sept.  23 

Slight. 

Cons. 

0.75 

- 

- 

.0000 

.0276 

.0250 

.0026 

- 

.0030 

.0003 

- 

6617 

Oct.  20 

Oct.  21 

Slight. 

Cons. 

0.80 

3.50 

1.50 

.0014 

.0340 

.0238 

.0102 

.28 

.0070 

.0003 

0.9 

6618 

Oct.  20 

Oct.  21 

Slight. 

Slight. 

0.75 

- 

- 

.0008 

.0292 

.0206 

.0086 

.30 

.0070 

.0003 

0.9 

6729 

Nov.  17 

Nov.  18 

Slight. 

Slight. 

0.70 

3.95 

1.60 

.0012 

.0318 

.0244 

.0074 

.42 

.0050 

.0001 

0.8 

6823 

Dec.  15 

Dec.  16 

V.  sl't. 

Slight. 

0.65 

3.80 

1.55 

.0022 

.0262 

.0226 

.0036 

.39 
.31 

.0100 

.0002 

0.8 

Av 

0.85 

4.07 

1.97 

.0027 

.0313 

.0237 

.0076 

.0059 

.0001 

1,0 

Odor,  distinctly  vegetable;   occasionally  also  grassy. 
ervoir  near  the  gate-house. 


■  The  samples  were  collected  from  the  res- 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE.  113 

BROCKTO]sr. 

Microscopical  Exa/mination. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Aug. 


Sept.     Sept 


Oct. 

Nov. 

Nov. 

12 

12 

27 

5248 

5327 

5378 

Day  of  examination, 
Number  of  sample,    . 


25 
4868 


23 
4963 


13 
5045 


27 

10 

5101 

5152 

14 

408 

7 

8 

0 

0 

0 

0 

7 

400 

66 

56 

32 

30 

0 

0 

0 

0 

34 

26 

0 

0 

17 

11 

17 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

2 

0 

1 

0 

0 

0 

8 

0 

0 

24 
5197 


PLANTS. 
Diatomaceae, 

Asterionella,  . 
Melosira, 
Synedra, 
Tabellaria, 


CyanophycesB, 

Anabsena, 

Aphanocapsa, 

Ohrobcoccus, 

Clathrocystis, 

Ccelosphcerium, 

Algse, 

Clilorococcus, 

Ooilastruin, 

Eudorina, 

Pediastrum, 

Protococcus, 

Raphidium, 

Scenedesmus, 

Staurastrum, 

Zoospores, 


Fungi.    Crenothrix, 


25 


704 


400 
4 
0 

300 


7 
0 
0 
1 
0 
0 
pr. 
1 
0 


126 

14 

24 

0 

0 

8 

0 

2 

102 

4 

562 

70 

352 

41 

0 

0 

128 

0 

82 

29 

0 

pr. 

14 

25 

8 

25 

2 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

4 

54 

pr. 

39 

1 

14 


16 

7 
pr. 


162 

378 

14 

66 

108 

274 

0 

0 

40 

38 

27 

53 

24 

o 

0 

50 

0 

0 

2 

1 

1 

0 

119 

27 

99 

23 

2 

0 

0 

0 

pr. 

0 

0 

0 

10 

0 

8 

4 

0 

0 

0 

0 

104 

29 
68 
4 
13 


3 
2 
pr. 
0 
1 
0 


186 

163 
1 
0 
0 
0 
10 
9 
0 
3 


ANIMALS. 
Infusoria, 

Dinohryon,  . 
Peridinium,  . 
Trachelomonas,     . 


Vermes, 


Anurea,  . 
Polyarthra,     . 
Rotatorian  ova, 


Crustacea, 


Cyclops, 
Daphuia, 
Moina,    . 


0 

6 

6 

8 

11 

0 

0 

pr. 

0 

2 

0 

0 

2 

3 

1 

0 

6 

4 

5 

8 

0 

0 

pr. 

2 

0 

0 

0 

pr. 

1 

0 

0 

0 

0 

1 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

726 

708 

119 

107 

486 

pr. 
pr. 


pr. 
pr. 


Total  Obganisms, 


474 


303 
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BRQCKTO]Sr. 

Microscopical  Examination  —  Continued. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr.     May 


July. 


July. 


Day  of  examination, 
Number  of  sample, 


22 
5548 


15 
5656 


19 
5790 


16 
5884 


20 
5993 


15 
6215 


29 
6305 


PLANTS. 
Diatomaceae,  . 

Asterionella, 
Melosira,   . 
Synedra,    . 
Tabellaria, 


CyanoplayceBe, 

Anabaena, . 
Aphanocapsa,   . 
Chroococcus,    . 
Clathrocystjs,    . 
Coslosphferium, 


Alg-se,  . 

Chlorococcus, 

Ccelastrum, 

Eudorina,  . 

Pediastrum, 

Protococcus, 

Raphidium, 

Scenedesmus, 

Staurastrum, 

Zoospores, 


Fungi.    Crenothrix, 


42 


34 

5 

3 

pr. 


0 
0 
0 
0 
0 

pr. 

pr. 
0 


172 

153 

11 

5 

3 


142 

112 

0 

27 

3 


238 

149 

5 

54 

30 


pr. 


1.310 

896 

244 

6 

164 


1,006 


174 

28 

146 

0 

0 

0 


138 

128 
0 
0 
2 
0 
0 
4 
4 
0 


484 

0 

28 

0 

456 


1,304 

236 

1,068 

0 

0 

0 


128 


188 

30 

0 

0 

158 


1,874 

144 

1,724 

0 

4 
2 


682 

152 
0 

524 
2 
0 
0 
2 
2 
0 


ANIMALS. 
Infusoria, . 

Dinobryon, 
Peridinium, 
Tracbelomonas, 

Vermes,     . 

Anurea, 
Polyarthra, 
Rotatorian  ova, 

Crustacea, 

Cyclops,  . 
Daphnia,  . 
Moina, 


pr. 


32 


111 


110 

1 

0 


2 

10 

0 

0 

0 

2 

2 

8 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1,920 

2,756 

Total  Organisms, 


221 


1,386 


1,326 


No.  34.]        WATER  SUPPLY  AND  SEWERAGE.  115 

BROCKTON. 

Microscopical  Exami7iation  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter,] 


Sept. 


Sept. 


Day  of  examination, 
Number  of  sample,  . 

PLANTS. 
DiatonaacesB, 

Asterionella, 
Melosira, 
Synedra, 
Tabellaria,    . 

Cyanophycese,  . 

Anabsena, 
Aphanocapsa, 
Claroococcus, 
Clathrocystis, 
Coelosphaerium,    . 

Algee,      .       .       .       . 

Chlorococcus, 
Coelastrum,   . 
Eudorina, 
Pediastrum,. 
Protococcus, 
Raphidium,  . 
Scenedesmus, 
Staurastrum, 
Zoospores,    . 

Fungi.    Crenothrix, 

ANIMALS 
Infusoria,     . 

Dinobryon,  . 
Peridinium,  . 
Trachelomonas,    . 

Vermes, 

Anurea, 
Polyarthra,  . 
Rotatorian  ova,    . 

Crustacea,  . 

Cyclops, 
Daphnia, 
Moina,  .        .        .        . 


6478 


23 
6536 


21 

6617 


21 

6618 


18 
6729 


17 
6823 


485 

21 
0 

2 
442 


162 

0 

0 

24 

100 

38 


761 

7.56 
0 
0 
1 
0 
0 
0 
4 
0 


1,385 

13 

15 
1 

1,356 


807 


120 

278 

252 

12 

62 

58 

89 

143 

126 

1 

7 

32 

18 

66 

36 

1,572 

3,233 

0 

0 

0 

0 

0 

0 

0 

1,572 

3,232 

0 

0 

0 

pr. 

0 

1 

0 

6 

19 

3,431 

0 

1 

3,424 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

13 

0 

5 

4 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

203 

112 
26 

48' 
17 


pr. 


46 

0 
0 
0 
0 
42 
0 
4 
0 
0 


pr. 


pr. 

0 

pr. 


pr, 

pr. 
0 
0 


Total  Organisms, 


1,392 


2,215 


3,534 


3,685 


297 


116 
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BIlOCKTO]Sr. 

Chemical  Examination  of  Water  fro7n  Salisbury/  Brook  Storage 
collected  fifteen  feet  beneath  the  surface. 

[Parts  per  100,000.] 


[Pub.  Doc. 

Reservoir, 


Date  op 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

1 

Nitrogen 

AS 

S 

•■3 

o 

.2 
1  ^ 

a-S 
•A. 

■3 

.1 
m 

3 
o 

o 

o 

a 
o 

1 

fcl 

Albuminoid. 

1 

'in 

a 

'p 

> 
o 

3 

w  S 

s  c 

05 

a 

03 

1 
18  89. 

! 

4809 

June  10 

June  11 

Dist't. 

Cons. 

0.90 

- 

- 

.0100 

.0264 

.0224 

.0040 

- 

.0020 

.0001 

- 

4869 

June  24 

June  25 

Dec'd. 

Cons. 

1.00 

- 

- 

.0288 

.0418 

.0236 

.0182 

.26 

.0020 

.0001 

- 

4914 

July    8 

July    9 

Dec'd. 

Cons. 

1.80 

- 

- 

.0244 

.0498 

.0330 

.0168 

- 

.0030 

.0001 

- 

4964 

July  22 

July  23 

:Rec'd. 

Cons., 

rusty. 

2.30 

- 

- 

.0834 

.0560 

.0300 

.0260 

- 

.0070 

.0001 

- 

5046 

Aug.  12 

Aug.  13 

Dec'd. 

Cons. 

2.30 

- 

- 

.1000 

.0558 

.0320 

.0238 

- 

.0030 

.0002 

- 

5102 

Aug.  26 

Aug.  27 

Dec'd. 

Cons. 

1.10 

- 

- 

.0290 

.0442 

.0300 

.0142 

- 

.0030 

.0003 

- 

5153 

Sept.   9 

Sept.  10 

Dec'd. 

Slight. 

1.10 

- 

- 

.0458 

.0438 

.0420 

.0018 

- 

.0040 

.0003 

- 

5198 

Sept.  23 

Sept.  24 

Dist't. 

Slight. 

1.10 

- 

- 

.0076 

.0350 

.0288 

.0062 

- 

.0150 

.0001 

- 

5249 

Oct.   11 

Oct.   12 

Slight. 

Cons. 

1.00 

- 

- 

.0058 

.0354 

.0294 

.0060 

- 

.0090 

.0001 

- 

5328 

Nov.  11 

Nov.  12 

V.  sl't. 

Cons. 

0.90 

- 

- 

.0066 

.0266 

.0224 

.0042 

- 

.0040 

.0001 

- 

5379 

Nov.  24 

Nov.  26 

V.sl't. 

Slight. 

1.00 

- 

- 

.0056 

.0308 

.0248 

.0060 

- 

.0060 

.0001 

- 

5445 

Dec.  16 

18 

Dec.  17 
00. 

Dist't. 

Cons. 

1.00 

- 

- 

.0050 

.0232 

.0210 

.0022 

- 

.0050 

.0001 

- 

5549 

Jan.  20 

Jan.  21 

V.  sl't. 

Slight. 

0.90 

- 

- 

.0018 

.0246 

.0224 

.0022 

- 

.0100 

.0000 

- 

5657 

Feb.  13 

Feb.  14 

Slight. 

Slight. 

0.90 

- 

- 

.0004 

.0252 

.0206 

.0046 

- 

.0070 

.0001 

- 

5791 

Mar.  17 

Mar.  IS 

Slight. 

Slight. 

0.65 

- 

- 

.0000 

.0130 

.0120 

.0010 

.33 

.0070 

.0000 

- 

5885 

Apr.  15 

Apr.  16 

V.sl't. 

Slight. 

0.40 

- 

- 

.0002 

.0182 

.0158 

.0024 

.29 

.0020 

.0000 

- 

5994 

May  19 

May  20 

Slight. 

Cons. 

0.65 

- 

- 

.0006 

.0268 

0200 

.0068 

.28 

.0050 

.0000 

- 

6112 

June  23 

June  24 

Slight. 

Cons. 

0.70 

- 

- 

.0052 

.0270 

0230 

.0040 

.36 

.0030 

.0002 

0.8 

6216 

July  14 

July  15 

Dist't. 

Slight. 

0.90 

- 

- 

.0028 

.0474 

0252 

.0222 

.30 

.0010 

.0000 

0.8 

6306 

July  28 

July  29 

Dist't. 

Cons. 

0.90 

3.55 

1.50 

.0084 

.0618 

0330 

.0288 

.28 

.0010 

.0002 

1.0 

6399 

Aug.  13 

Aug.  14 

Dist't. 

Slight. 

0.75 

- 

- 

.0068 

.0356 

0242 

.0114 

- 

.0050 

.0001 

1.1 

6436 

Aug.  25 

Aug.  26 

Dist't. 

Slight. 

1.00 

- 

- 

.0058 

.0334 

0272 

.0062 

- 

.0150 

.0002 

- 

6479 

Sept.  8 

Sept.   9 

V.sl't. 

Slight. 

1.00 

- 

- 

.0078 

.0296 

0252 

.0044 

- 

.0100 

.0001 

1.1 

6537 

Sept.  22 

Sept.  23 

Slight. 

Cons. 

0.70 

- 

- 

.0000 

.0316 

0206 

.0110 

.22 

.0020 

.0003 

.- 

6730 

Nov.  17 

Nov.  18 

Slight. 

Cons. 

0.70 

3.75 

1.50 

.0016 

.0288 

0232 

.0056 

.40 

.0050 

.0001 

0.8 

6822 

Dec.  15 

Dec.  16 

V.sl't. 

V.sl't. 

0.65 

- 

- 

.0026 

.0262 

0250 

.0012 

.39 
.31 

.0100 

.0002 

0.9 

Av. 

0.94 

- 

- 

.0116 

.0318 

0241 

.0077 

.0058 

0001 

n.9 

1 

Odor,  distinctly  vegetable,  occasionally  disagreeable. The  samples  were  collected  from  the 

reservoir  near  the  gate-house. 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE.  117 

BBOCKTOX. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


IS89. 


July.  July. 


Aug. 


Sept 


Sept. 


Day  of  examination, 
Number  of  sample, 


11 

4809 


9 
4914 


23 
4964 


13 

5046 


28 
5102 


10 
5153 


24 
5198 


12 
5249 


12 
5328 


27 
5379 


17 
5445 


PLANTS. 
Diatomacese, 


Asterionella, 
Melosira, 
Rynedra,  . 
Tabellaria, 


Cyanofjhycese, 

Anaba>na, 
Aphuuocapsa, 
Cliroococcus,  . 
Clathrocystis,  . 
Coelosphierium, 


Algse, 


Chlorococcus, 
Pediawtrum,     . 
Kaphidiura, 
Scenedesmus, 
Staurogenia,    . 


Fungi.     Crenothris, 


1B4 


113 


76 


102 


518 


36 


106 

169 

114 

11 

75 
4 
16 

85 

80 

1 

3 

23 

69 

5 

17 

28 

20 

17 

22 
0 
0 
6 
0 

3 

16 
0 
1 
0 

0 
pr. 
16 

1 
0 

80 

48 

50 

56 
0 

19 
5 
0 

38 
0 
0 

10 
0 

39 
0 
2 
6 
3 

0 

0 

0 

17 
16 
pr. 


pr. 
0 
0 
0 
0 


ANIMALS. 
Rhizopoda.     Arcella, 


Infusoria, 

Diuobryon, 

Monas,     .... 

Peridinium, 

Traehelomonas, 

Vermes.    Rotatorian  ova, 

Crustacea,     . 

Cyclops 

Duphnia 


pr. 


0 

0 

0 

0 

4 

0 

10 

24 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

3 

0 

4 

0 

7 

Id 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

732 

87 

891 

658 

pr. 


0 

0 

0 

pr. 

10 

7 

0 
0 

pr. 

pr. 

6 
0 
3 
1 

6 

pr. 

0 

1 

2 

0 

0 

0 

0 

pr. 

0 

0 

0 
0 

pr. 

0 

216 

247 

188 

Total  Organisms, 


121     175 


177 


111 
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STATE  BOAED  OF  HEALTH. 

Microscopical  Examijiation  —  Continued. 

[Number  of  organisms  per  cubic  centimeter,] 


[Pub.  Doc. 


Jan.      Feb.     Mar. 


April. 


May.    June. 


July^ 


July. 


Aug. 


D:ij'  of  examination, 
Number  of  sample, 


15 

5657 


19 
5791 


16 

5885 


20 
5994 


27 
6112 


15 

6216 


PLANTS. 
Diatomacese,  . 


Asterionella, 
Melosira,    . 
Synedra.    . 
Tabellaria, 


Cyanophycese, 

Anabsena, . 
Aphanocapsa,  . 
Ohroococcus,     . 
Cliithrocyi-tis,    . 
Co3losphajrium, 


Algse, 


Clilorococcus, 

Pediastrum, 

Raphidiuni, 

Beenedesmus, 

Staurogenia, 


Fungi.    Crenothrix, 


150 

142 
1 
3 

4 


160 

132 

0 
29 


246 

167 

7 
54 
18 


1,188 


304 
20 
16 


102 


264 

208 

18 

2 

36 


58 


694 

0 

18 

0 

676 


1,282 

72 

1,208 

0 

0 

2 


246 


2,770 

0 
2,764 
0 
6 
0 


102 


lfl4 

24 
0 
0 


228 


226 
0 
0 
2 
0 


ANIMALS. 
Rhizopoda.    Amelia, 


Infusoria, 

Dinobryon, 

Monas,       .        .        .         . 

Peridiniura, 

Trachelomouas, 

Vermes,    liotatorian  ova, 

.Crustacea, 

Cyclops,    .        .        .        . 
Daphnia,    .        .        .        . 


0 

0 

0 

0 

8 

12 

117 

20 

8 
0 
0 
0 

9 
0 
0 
3 

116 

pr. 

1 

0 

16 

pr. 

3 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

2 

8 

12 

2 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

2 

8 

8 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

326 

2,026 

3,132 

426 

Total  Organisms, 


99       162       279       271     1,296 
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BROCKTOjS^. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Sept. 


Sept. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomaceas,    . 

Asterionella, 

Melosira,  .... 
Synedra,  .... 
Tabellaria,  .... 

Cyanophyceee, 

Anabsena 

Aphauocapsa, 
Chroococcus, 
Clathrocystis, 
Ccelosphifirium,  . 

Algae, 

Chlorocoecus,     . 

I'ediaslvum, 

Kaphidium, 

Sccnedesmus, 

Staurogenia, 

Fungi.    Crenotbris,    . 

ANIMALS 
Rhizopoda.    Arcella, 

Infusoria,   .... 

Dinobryon, 

Monas 

Peridinium, 
Tracbelomona'!, 

Vermes.    Rotatorian  ova, 

Crustacea,        .       .       . 

Cyclops 

Daphuia,     .... 


6537 


18 
6730 


17 
6S22 


356 
10 


440 


965 

9 


6 
942 


170 

48 

70 

8 

44 


0 

0 

pr. 

0 

0 

0 

425 

4 

0 

9 

5 

pr. 

6 

2 

0 

104 

1,415 

4,209 

98 

1,392 

4,184 

3 

2 

pr. 

0 

0 

11 

3 

5 

11 

0 

16 

3 

147 


0 

0 

pr. 


pr. 


pr. 


Total  Organisms, 


2,391 


4,3S1 


1S4 
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BROOKFIELD. 


Water  Supply  of  Brookfield. 


Chemical  Examination  of  Water  from  the  Brookfeld  Storage  Reservoir. 

[Parts  per  100,000.] 


Date  of 

Appearanck. 

Rksiddeon 

EVAPORA- 
TION'. 

Ammonia. 

KiTBOGEN 
AS 

d 

c 

Albuminoid. 

g 

o 

1  * 
g-5 

OS 

S 

■5 

^ 

c: 

=■  tc 

g 

-a 
> 

"a 

,  c 

3  C 

c 

Si 

s 

•s 

■5 

'A 

U 

U 

&- 

03 

u 

f-i 

^ 

fc< 

Ch 

^ 

CC' 

O 

2; 

'A 

3 

18  8». 

4970 

July  23   July  24 

Dist't. 

Cons. 

0.9 

6.30 

3.25 

.0076 

.0790 

.0646 

.0144 

- 

.0020 

.0001 

1.7 

Odor,  disagreeable. The  sample  was  collected  from  the  reservoir. 

Microscopical  Examination. 

Ti\aXoma.ce!&,  Synedrn,1'i.  A\gsi,  Chlorococcus,8;  Staurantriun,  iir.  Fungi,  Crenothrix,!.  Infa- 
sovia,  Binobryon, '2;  Trucheloinonas,yr.  Vermes,  .4wi«re«,  1;  Rotutorian  ova,l.  Crustacea.,  Cyclops, 
pr.    Total  organisms,  41. 

Water  Supply  of  Brooklixe. 

Chonical  Exami^ialion  of  Water  frovii  the  Filter-gallery  of  the  Brookline 

Water  Works. 

[Parts  per  100,000.] 


Date  of 

ArPEARANCE. 

_s 

Ammonia. 

Nitrogen 

AS 

—  c 

o 

o 

>. 

c 

o^ 

!S 

6 

»; 

i 

s 

"2 

E| 

"3 

a; 

a 

■S 

u 

o 

=  > 

« 

='s 

o 

a- 

1 

•A 

u 

H 

H 

a; 

O 

&< 

<1 

O 

^ 

"A 

^ 

18 

90. 

5618 

Feb.  10 

Feb,  11 

None. 

None. 

0.0 

~ 

.0000 

.0006 

- 

.0500 

.0000 

- 

Odor,  none. 

Fungi,  Crenothrix,  2 


The  sample  was  collected  from  the  filter-gallery. 

Microscopical  Examination. 


Chemical  Examination  of  Water  from  the  Distributing  Eese^'voir  of  the  Bi'ookline 
Water  Works,  collected  near  the  surface. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
S 

s 

o 
.51 

Nitrogen 
as 

o 
1 

E-S 

03 

C4 

'■5 
1 

1 

o 
"o 
O 

o 

c 
og, 

6 

Albuminoid. 

1 

.a 

a 

s 

1« 

> 
o 

s 

■a 
■a 

3  O. 
CZ3 

■5 
3 

5569 
5620 
5752 
5808 

18 

Jan.  29 
Feb.  10 
Mar.    6 
Mar.  24 

90. 

Jan.  29 
Feb.  11 
Mar.    6 
Mar.  24 

Slight. 

V.sl't. 

V.Bl't. 

Slight. 

Slight. 
Slight. 
Slight. 
Slight. 

0.10 
0.00 
0.00 
0.00 

6. SO 

- 

.0006 
.0000 
.0006 
.0000 

.0098  .0056 
.0094  .0064 
.0118  .0046 
.0102  .0068 

.0042 
.0030 

.6072 
.0034 

.0230 
.0180 
.0220 
.0600 

.0002 
.0002 
.0001 
.0000 

1    ~ 

Av. 

0.02 

- 

- 

.0003 

.0103  .0058 

.0045 

- 

.0307  .0001 

_ 

Odor,  none. The  samples  were  collected  from  the  reservoir,  near  the  surface. 
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BROOKLENTE. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.  Feb.  Mar.  Mar. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 

Diatomacese,    . 

Asterionella, 

Cocconeis 

Melosira 

Synedra,      .... 

Cyanophycese, 

Aphanocapsa,     .        . 
Ohroococcus, 

Algse 

Clhlorococcus,     . 

Closteriura, 

Eudorina,    .... 

Gonium 

anim;als 

Infusoria,  .... 
Dinobryon, 
Peridiuium, 

Vermes,      .... 

Anurea,       .... 

Polyarthra, 

Rotatorian  ova,  . 

Rotifer 

Hyncliaeta 

Total  Oeganisms, 


29 


12 

5620 


7 
5752 


819 


25 

5808 


4,057 


■69 

3,435 

0 

0 

0 

0 

50 

622 

14 

45 

14 

0 

0 

45 

40 

33 

16 

12 

0 

0 

14 

21 

10 

0 

484 

483 
pr. 

0 

0 

0 

pr. 


339 

399 

0 


569 


479 


,137 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Brookline 
Water  Works,  collected  near  the  bottom. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residoeon 
Evapora- 
tion. 

Ammonia. 

c 
_o 
O 

Nitrogen 

AS 

o 

1  "S 

a-" 

K 

H 

p 

1 
-3 

o 
o 

3 

o 

B 
O 

°|) 

o 
.J 

Albuminoid. 

1 

1 

s 

a 

o 

•d 
o 

5 

■d 
■a 

3  o. 
CO 

V 

c 
•a 

u 

18 

90. 

5570 

Jan.  29 

Jan.  29 

Dist't. 

Cons. 

0.10 

7.35 

- 

.0008 

.0248 

.0058 

.0190 

.52 

.0400 

.0001 

- 

5621 

Feb.  10 

Feb.  11 

Slight. 

Slight. 

0.00 

- 

- 

.0000 

.0102 

.0062 

.0040 

- 

.0220 

.0001 

- 

5753 

Mar.    6 

Mar.    6 

V.sl't. 

Cons. 

0.00 

- 

- 

.0000 

.0096 

.0044 

.0052 

- 

.0190 

.0001 

- 

5807 

Mar.  24 

Mar.  24 

Slight. 

Slight. 

0.00 

- 

- 

.0004 

.0110 

.0060 

.0050 

" 

.0450 

.0001 

- 

Av. 

0.02 

- 

- 

.0003 

.0139 

.0056 

.0083 

.0315 

.0001 

Odor,  cold,  none  or  vegetable;  hot,  vegetable,  sometimes  fishy, 
the  reservoir,  near  the  bottom. 


■  The  samples  were  collected  from 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.  Feb.  Mar.  Mar. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,    . 

Asteriouella, 

Melosira,     .... 

Synedra 

Cyanophyceae,        .  .     . 

Aphanocapsa, 
Chroococcus, 

Algse, 

Chlorococcus, 
Closteriiim, 

Eudorina 

Gonium 

Pandorina,  .... 

ANIMALS, 
Infusoria,  .... 

Dinobryon, 

Syuura,        .... 

Vermes 

Anurea 

Diglena 

Rotatorian  ova,  . 

Total  Organisms, 


29 
5570 


12 
5621 


35 


934 

916 

0 

18 


51 

2 

pr. 


25 
5807 


3,042 

2,720 

0 

322 


43 

16 
0 

25 
0 
2 


5.000 


0 
5,000 


pr. 


382 


0 
382 


5,048 


474 


3,164 


Chemical  Examinaiioji  of  Water  from  the  High  Service  Tanh  of  the  Broohline 

Water  Works. 


[Paris  p 

er  100,000.] 

Date  of 

Appearance. 

c 

Ammonia. 

KiTROGEN 
AS 

1 

5 

o 

S 

pi 
■A  " 

1 

■5 

Z 
o 

[5 

s 

o 
c 

< 

2 

■5 

18 

90. 

5619 

Feb.  10 

Feb.  11 

None. 

Very  slight. 

0.0 

- 

.0002 

.0008 

1 

~ 

.0400 

.0000 

~ 

Odor,  none. The  sample  was  collected  from  the  high  service  tank. 

Microscopical  Examination. 


Fungi,  Crenothrix,  25. 
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cambridge. 

Water  Supply  of  Cambridge. 

Chemical  Exavdnalion  of  Water  from  Fresh  Pond,  in  Cambridge. 

[Parts  per  100,000.] 


— 

Residue  on 

Nitrogen 

Datk  of 

Appearance. 

EVAP 

)KA- 

Ammonia. 

AS 

TION.          [ 

S 

c 
o 

2 

S 

^    i 

1    ' 

-  Si 

Albuminoid.       | 

u 

1 

c 

J3 

„. 

■a 

1    E 

•3 

'A 

o 

H 

tc 

o 

o 

J 

^ 

5 

tB 

3 

'A 

T, 

a 

18 

89. 

47R7 

June 

fi 

June 

6 

Dist't. 

Slight. 

0.15 

- 

- 

.0032 

.0224 

.0174  .00.50  1 

.89 

.0.350 

.0005 

b.i 

4P07 

July 

R 

July 

5  i^Dist't.   Cons. 

0.15 

- 

- 

.0070   .0268 

.0208  .0060 

.86 

.0.550 

.0007 

- 

!So;w 

Aug. 

7 

Aug. 

7    Slight. 

SUght. 

0.10 

- 

- 

.0028 

.0216 

.0186 

.0030 

.78 

.0180 

.0008 

- 

f.US 

Sept. 

f) 

Sept. 

9 

Slight. 

Sliirlit. 

0.10 

- 

- 

.0018 

.0214 

.0182 

.0032 

.80 

.02-50 

.0007 

- 

ffl-^S 

Oct. 

7 

Oct. 

8 

Slight. 

Slight. 

0.03 

- 

- 

.0036 

.0262 

.0182 

.0080 

.85 

.0220  .0005 

- 

5317 

Nov. 

fl 

Nov. 

7 

Slight. 

Slight. 

0.20 

- 

- 

.0360 

.0206 

.0152 

.0054 

.94 

.0300 

.0009 

- 

5408 

Dec. 

4 
IS 

Dec. 
90. 

4 

Slight. 

Cons. 

0.10 

" 

.0304 

.0276 

.0184 

.0092 

.88 

.0400 

.0017 

550-7 

Jan. 

fi 

■Jan. 

7 

Slight. 

Cons. 

0.20 

- 

- 

.0124 

.0202 

.0140 

.0062 

.91 

.0300 

.0007 

- 

•5fi10 

Feb. 

8 

Feb. 

8 

V.»<l't. 

Slight. 

0.20 

_ 

- 

.0130  [.0182 

.0142 

.0040 

.91 

.0380 

.0005 

- 

5745 

Mar. 

5 

Mar. 

5 

V.sl't. 

Cons. 

0.10 

_ 

- 

.0140  1.0196 

.01.52 

.0044 

.89 

.0400 

.0006 

- 

5Sol 

Apr. 

7 

Apr. 

7 

Sliaht. 

Slight. 

0.05 

_ 

- 

.0090 

.0212 

.0162 

.0050 

.85 

.0500 

.0004 

- 

594'7 

May 

5 

May 

5 

Slight. 

Slight. 

0.05 

- 

- 

.0022 

.0214 

.0154 

.0060 

.84 

.0510 

.0003 

- 

m.r, 

June 

4 

June 

4 

Slight 

Slight. 

0.15 

- 

- 

.0036 

.0206 

.0182 

.0024 

.88 

'.04.50 

.0005 

- 

r>u5 

July 

1 

July 

1 

Dist't. 

Cons. 

0.10 

8.75 

- 

.0008 

.0238 

.0156  .0082 

.77 

.0300 

fc0002 

4.7 

fiSPiS 

Aug. 

4 

Aug. 

4 

Slight. 

Cons. 

0.00 

8.75 

1.70 

.0014 

.0260 

.0218  1.0042 

.79 

.0200 

.0004 

4.4 

f^^n 

Sept. 

.". 

Sept. 

4 

Dist't. 

Slight. 

0.05 

8.25 

- 

.0018 

.0242 

.0212^00.30 

.78' 

.0070 

.0002 

3.1 

fintiS 

Oct. 

fi 

Oct. 

7 

Slight 

Slight. 

0.10 

8.15 

1.00 

.0006 

.0232 

.0150 

.0082 

.76 

.0150 

.0003 

4.0 

fiRS5 

Nov. 

4 

Nov. 

4 

V.sl't 

V.sl't 

0.15 

S..50 

1.20 

.0362 

.0226 

.0170 

.0056 

.81 

.0180 

.0005 

4.3 

6783 

Dec. 

3 

Dec. 

3 

DiBt't. 

Cons. 

0.15 

10.20 

1.45 

.0228 
.0107 

.0246 

.0182 

.0064 

.78 
.84 

.0200 

.0005 

4.2 

Av 

0.11 

8.90 

1.34 

.0227 

.0173 

.00-54 

.0310 

.0006 

4.1 

Odor,  vegi-table,  sometimes  also  grassy. The  samples  were  collected  from  the  pump  well  at  the 

pumping-statiou. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimet'T.] 


Day  of  examination. 
Number  of  sample, 


PLANTS. 
Diatomacese,  . 

Asterionella,     . 

Cyclotella, 

Gyrosigma, 

Mel  isira,  . 

Stuphanodiscus, 

Hynedra,   . 

Tabellaria, 

Cy  anophyceae, 

Chroijcoccus,  , 
Claihrocysiis,  . 
Cujlosphoerium, 


10 

4787 


223 


200 
15 


5 
4907 


25 


0 
0 
0 
pr. 
18 
0 


Aug. 

Sept. 

Oct. 

Nov. 

7 

10 

8 

9 

5039 

5148 

5228 

5317 

6 

4 

30 

127 

0 

0 

2 

28 

0 

0 

5 

0 

0 

0 

0 

0 

3 

0 

11 

87 

•2 

0 

10 

12 

1 

4 

2 

pr. 

0 

0 

pr. 

0 

pr, 

127 

363 

12 

pr. 

115 

348 

0 

0 

0 

pr. 

pr. 

0 

12 

15 

12 

5 
5408 


1.436 


0 
0 
261 
104 
5 
0 


2276 

1,862 
0 
0 
334 
76 
4 
0 


8 
5610 


5745 


101 

84 
0 
0 
0 

17 
0 
0 


117 
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CAMBRIDGE. 

Microscopical  Examination — Continued. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Kov. 

Dec. 

Jan. 

Feb. 

Mar. 

PLANTS -Con. 
Algae, 

Chlorococcus, 

CcElaetrura, 

Gloeocapsa 

Scenedesmus, 

Spirotsenia 

Staurogenia 

pr, 

0 
0 
0 
0 
pr. 
0 

24 

24 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

7 

7 
0 
0 
0 
0 
0 

23 

17 
0 
0 
0 
6 
0 

32 

26 
6 
0 
0 
0 
0 

257 

257 
0 
0 
0 
0 

'I 

82 

81 
0 
0 
1 
0 
0 

0 

0 
0 
0 
0 
0 
0 

97 

4 
0 
0 
3 

40 
50 

ANIMALS. 
Infusoria, 

Codonella 

Hydra, 

n)inobryon, 

Monaf, 

I'eridinium 

Trachelomouas,       .... 

Verme*.    Anurea 

Crustacea.    Cyclops,    . 

pr. 

0 
0 
0 
0 
0 
pr. 

0 

0 

2 

0 
0 
0 
0 

0 
2 

0 

0 

3 

0 
3 

s 

pr. 
0 

0 

0 

3 

0 
2 
0 

0 
1 
0 

0 

0 

12 

0 

8 
2 
0 
0 
2 

0 

0 

3 

0 
0 

1 

pr. 

0 

2 

0 
0 

3 

0 
0 

1 

0 
0 
2 

pr. 

0 

5 

0 
0 

1 

0 
0 
4 

0 

pp. 

3 

0 
0 
0 
0 

0 
0 
0 

21 

0 
0 
6 
15' 
0 
0 

0 

0 

Total  Organisms,     . 

223 

71 

9 

141 

428 

174 

1,696 

2,363 

104 

235 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination. 

8 

6 

7 

2 

5 

4 

7 

4 

4 

Number  of  sample,  .... 

5851 

5942 

6037 

6145 

6ooS 

6472 

6563 

6685 

6783 

PLANTS. 

Diatoniacese 

514 

706 

33 

99 

324 

16 

0 

476 

3,705 

Asterionella,         .... 

Cyclotella, 

Gyrosigraa, 

Melosira,       ..... 

Stephanodiscus 

Syncdra, 

Tabellaria 

32 

0 

0 

309 

104 

63 

6 

64 

0 

0 

427 

75 

115 

25 

6 
0 
0 
3 

13 
0 

11 

26 
0 
0 

50 
9 
9 
5 

0 
2 
0 
0 
0 
322 
0 

0 
0 
0 
0 
0 
0 
16 

0 
0 
0 
0 
0 
0 
0 

49 

0 

0 

374 

40 
6 
7 

1,580 

0 

11 

812 

1,064 

14 

224 

Cyanophycese,  .... 

0 

pr. 

pr. 

322 

8,096 

95 

34 

14 

28 

Chroococcus,         .... 

Clathrocystis 

Coelosphserium,    .... 

0 
0 
0 

0 

0 

pr. 

0 
pr. 
pr. 

0 

236 

86 

8,056 

2 

38 

45 
0 
50 

34 
0 
0 

4 
6 
4 

0 

28 

0 
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CAMBRIDGE. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April.      May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec, 


PLANTS  — Con. 


Algae, 


Chlorococcus, 
Coslastrum,  . 
GloBOcapsa,  . 
Sceuedesmus, 
Spirotajnia,  . 
Slaurogenia, 


114 

112 
2 
0 

pr. 
0 
0 


299 

273 
26 
0 
0 
0 
0 


SO 


132 


0 
126 
0 
0 
0 


22 


ANIMALS. 
Infusoria,     . 

Codonella,     . 
Hydra,  . 
Dinobryon,  . 
Monas,  . 
Peridinium,  . 
Trachelomonas,    . 

Vermes.    Anurea, 

Crustacea.    Cyclops, 

Total  Organisms, 


143 

0 
0 
0 
142 
0 
1 


0 


658 


8,510    243 


490   3,757 


Chemical  Examination  of  Water  froin  Stony 

Walt/iam. 

[Parts  per  100,000.] 


Brook  Storage  Reservoir,  in 


Date  of 

Appearance. 

Residue  ON 

EVAPOBA- 

Ammonia. 

Nitrogen 

TION. 

o 

o 

_o 
'A 

>> 

3 

1 

u 
c 
o 

'5 

S 
6 

Albuminoid.       | 

rt 
!? 

o 

g 

S 

"3 
o 
r-i 

o 
S 

•a 

•3 

18  8!). 

4815 

June  11 

June 

12 

Slight 

V.  sl't. 

1.40 

- 

- 

.0030 

.0402 

.0372 

.0030 

.32 

.0090 

.0002 

- 

4906 

July 

2 

July 

3 

Slight. 

Cons. 

o.so 

- 

- 

.0062 

.0350 

.0282 

.0068 

.37 

.0180 

.0003 

- 

5042 

Aug. 

7 

Aug. 

9 

Dist't. 

Slight. 

1.80 

- 

- 

.0046 

.0460 

.0454 

.0006 

.32 

.0000 

.0001 

- 

5158 

Sept. 

9 

Sept. 

10 

None. 

V.sl't. 

0.70 

- 

- 

.0050 

.0274 

.0242 

.0032 

.42 

.0150 

.0003 

- 

5229 

Oct. 

7 

Oct. 

8 

Slight. 

V.sl't. 

1.10 

- 

- 

.0044 

.0324 

.0290 

.0034 

.45 

:.oo80 

.0004 

- 

5322 

Nov. 

7 

Nov. 

8 

Slight. 

Slight. 

1.20 

- 

- 

.0026 

.0222 

.0204 

.0018 

- 

.0160 

.0001 

- 

5418 

Dec. 

4 
IS 

Dec. 
»0. 

5 

V.sl't. 

V.sl't 

0.90 

- 

- 

.0028 

.0256 

.0232 

.0C24 

.39 

.0050 

.0002 

- 

5505 

Jan. 

6 

Jan. 

7 

V.sl't. 

V.sl't. 

0.60 

- 

- 

.0020 

.0154 

.0144 

.0010 

.36 

.0280 

.0001 

- 

5599 

Feb. 

5 

Feb. 

7 

V.Bl't. 

V.sl't. 

0.55 

- 

- 

.0006 

.0144 

.0112 

.0032 

.41 

.0550 

.0002 

- 

5754 

Mar. 

5 

Mar. 

6 

V.sl't. 

V  sl't. 

0.50 

- 

- 

.0002 

.0172 

.0144 

.0028 

.36 

.0350 

.0001 

- 
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CAMBRIDGE. 

Chemical  Examination  of  Water  from  Stony  Brook  Storage 
Waltham  —  Concluded. 


[Pub.  Doc. 
Reservoir,  in 


[Parts  per  100,000.] 

Date  of 

Appeakance. 

Kesidveon 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

s 

c 

Albuminoid. 

c 

o 

% 

>> 

■s 

■3         ■<= 

o5  . 

m 

i, 

■g 

■3 

% 

1         •§ 

c 

-2 

s 

2 

s 

a 

a 

a 

o 

C3 

0) 

c 

o             ,   = 

o 

^ 

•-:: 

•a 

Q 

H 

^ 

m 

O 

H 

1-1 

fc. 

3         cc 

O 

'A 

jzi 

s 

18 

90, 

5854 

Apr. 

7 

Apr. 

8 

V.sl't. 

Slight.  0.35 

- 

- 

.0008 

.0154  .0134 

.0020 

.34 

.0200 

.0001 

- 

5949 

May 

6 

May 

8 

Slight. 

Slight.' 0.50 

- 

.0024 

.0202 '.0172 

.0030 

.37 

.0200 

.0001 

- 

6046 

June 

4 

June 

5 

V.sl't. 

V.sl't. 

0.90 

- 

- 

.0036 

.0272 

.0226 

.0046 

.31 

.0100 

.0000 

- 

6210 

July 

11 

July 

12 

Slight. 

Slight. 

0.60 

4.90 

- 

.0000 

.0288 

.0244 

.0044 

.34 

.0075 

.0002 

2.7 

637T 

Aug. 

6 

Aug. 

7 

Dist't. 

Cons. 

0.40 

6.20 

2.60 

.0008 

.0290 

.0220 

.0070 

.37 

.0070 

.0003 

2.3 

6471 

Sept. 

3 

Sept. 

4 

Dist't. 

Slight. 

0.55 

5.35 

1.60 

.0014 

.0254 

.0182 

.0072 

.40 

.0030 

.0001 

2.2 

6567 

Oct. 

6 

Oct. 

8 

Slight. 

Slight. 

1.00 

6.15 

2.05 

.0044 

.0264 

.0234 

.0030 

.37 

.0120 

.0002 

2.2 

66S9 

Nov. 

4 

Nov. 

5 

V.Bl't. 

V.sl't. 

0.80 

5.35 

1.65 

.0008 

.0218 

.0192 

.0026 

.42 

.0200 

.0002 

2.2 

6782 

Dec. 

2 

Dec. 

3 

Slitiht. 

V.sl't. 

0.60 

6.25 

2.20 

.0022 

.0252 

.0174 

.0078 

.43 

.37 

.0320 

.0002 

2.3 

Av 

0.80 

5.86 

2.02 

.0025 

.0261 

.0224 

.0037 

.0169 

.0002 

''.3 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  reservoir,  near  the  outlet. 

Microscopical  Examination. 


[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examiuation,     . 
Number  of  sample, 

PLANTS. 
Diatoixiacese, .... 

Asterionella,  .... 
Cyclotella,  .... 
Melosira,  ..... 

Navicula, 

Stephanodiscus, 

Synedra, 

Tabellaria 

CyanophycesB.    Chroococcus, 

Algse 

Ghlorococcus 

Closterium,  .... 
Glceocapsa,       .... 

Fungi.     Crenothrix, 


12 

4815 


5 

4906 


Aug. 


10 
5042 


Sept. 


10 

5158 


5 
5418 


7 
5.599 


26 


20 

0 

4 

0 

pr. 


96 

43 
0 
0 
0 
38 
15 
0 


65 


182 

202 

180 
0 
0 
0 

2 

202 
0 
0 
0 
0 

P^o 

pr. 

0 

0 

0 

8 

7 

8 

pr. 

0 

4 
3 
0 

0 

10 

pr. 

0 
0 
0 
0 
0 
pr. 
0 


pr. 


pr. 
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CAMBRIDGE. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

18»0. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Bee. 

Jan. 

Feb.     Mar. 

ANIMALS. 
Rhizopoda.     Actinophrys,    . 

Infusoria, 

Dinobryon 

K       Monas, 

^''       Peridiiiium, 

Tracheloraonas,       .... 

Vermes.    Anurea,  .... 

0 

pr. 

pr. 
0 
0 
0 

0 

0 

3 

0 

0 

pr. 

3 

0 

0 

pr. 

0 

0 

pr. 

0 

0 

0 

10 

9 
0 

1 

0 
2 

3 

17 

16 
0 
0 
1 

0 

0 

1 

0 
0 
0 

1 

0 

0 

0 

0 
0 
0 
0 

0 

0 

0 

0 
0 
0 
0 

0 

0 

13 

11 

0 
2 
0 

0 

0 

2 

2 
0 
0 
0 

0 

Total  Organisms,    . 

S7 

127 

2 

95 

210 

220 

7 

4 

15 

10 

u 

18B0. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Mov. 

Dec. 

Day  of  examination, 

9 

6 

7 

12 

9 

4 

8 

5 

4 

Number  of  sample 

5854 

5949 

6046 

6210 

6377 

6471 

6567 

66S9 

6782 

PLANTS. 

Diatomacese,     .       .       .       . 

10 

22 

26 

1,332 

72 

30 

671 

20 

33 

Asterionella, 

Cyclotella,     . 

Melosira, 

Navittiila, 

Stephanodiscus, 

Syuedra, 

Tabellaria,     . 

1 

0 
0 
2 
0 

2 

6 
0 
0 

15 

1 

4 
0 
2 
0 
2 

18 
0 

628 
48 
0 
0 
0 
688 
28 

0 

33 

0 

0 
37 

2 

0 
0 
4 
1 
0 
S 
22 

496 
0 
0 
58 
1 
0 

110 

0 
0 
0 
pr. 
0 
1 
19 

6 

I 

4 

0 

13 

10 

CyanopliyceEe.    Chro,ococcus, 

0 

0 

0 

0 

0 

2 

39 

0 

0 

Algee, 

12 

0 

16 

552 

40 

64 

12 

0 

0 

Olilorococcus,       .... 

ClORterium 

Gkeocapsa, 

12 
0 
0 

0 

0 
0 

16 
0 
0 

548 
4 
0 

40 

pr. 

0 

5 
11 

48 

12 
0 
0 

0 
0 
0 

0 
0 

0 

Fungi.     Crenotbrix,      . 

2 

2 

0 

0 

0 

0 

4 

4 

10 

ANIMALS. 

Rhizopoda.    Aciinophrys, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria, 

1 

99 

4 

2 

5 

28 

3 

0 

pr. 

Dinobryon,  .        .        . 

Muna-J 

Peridinium, 

Tracbelomonas 

0 
pr. 
pr. 

0 

91 

8 

pr. 

pr. 

0 
0 

2 

2 
0 
0 
0 

0 

0 

pr. 

5 

28 
0 
0 
0 

0 
0 
0 
3 

0 
0 
0 
0 

0 

0 

pr. 

0 

Vermes.  'Auurea, 

pr. 

0 

1 

0 

0 

0 

0 

0 

0 

Total  Organisms, 

25 

123 

47 

1,946 

117 

124 

729 

24 

43 
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CAMBRIDGE. 

Table  shoiving  Heights  of  Water  in  Fresh  Pond  afid  Stony  Brook  Reservoir  at  the 
times  when  Samples  of  Water  were  collected  for  Analysis. 

[Heights  are  in  feet  above  Cambridge  city  base.] 


Fresh  Pokd.    High  Water,  16.85. 

Stont  Bkook.    Kollwat,  81.00. 

Date. 

Height 
of  Water. 

Date. 

Height 
of  Water. 

1889. 

1889. 

June  6, 

16.40 

June  11, 



81.16 

July   3, 

16.70 

July     2, 

80.75 

Aug.  7, 

16.14 

Aug.    7, 

81.20 

Sept.  9, 

15.00 

Sept.    9, 

80.83 

Oct.    7, 

14.02 

Oct.      7, 

81.05 

Nov.   6, 

14.68 

Nov.     7, 

81.04 

Dec.    4, 

16.08 

Dec.      4, 

81.46 

1890. 

1890. 

Jan.    6, 

15.23 

Jan .      6, 

81.22 

Feb.    8, 

15.54 

Feb.      5, 

81.15 

Mar.    5, 

15.61 

Mar.     5, 

81.30 

April  7, 

16.55 

April    7, 

81.34 

May    5, 

16.40 

May      6, 

81.36 

June  4, 

15.86 

June     4, 

81.00 

July    1, 

15.67 

July    11, 

80.75 

Aug.  4, 

14.10 

Aug.     6, 

87.31 

Sept.  3, 

15.33 

Sept.    3, 

72.13 

Oct.    6, 

14.30 

Oct.      6,     . 

81.33 

Nov.  4, 

15.72 

Nov.     4,     . 

81.52 

Dec.    3, 

16.10 

Dec.     2,     . 

81.15 

Water  Supply  of  Chicopee  Falls  Fire  District,  Chicopee. 

Chemical  Examination  of  Water  from  the  Chicopee  Eiver  at  Chicopee  Falls. 

[Parts  per  100,000.] 


Odor,  faintly  veget:ible. The  samples  were  collected  from  a  faucet  in  the  pumping  station  of  the 

Chicopee  Manufacturing  Company, 
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CHICOPEE. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Aug. 


Day  of  examination, 
Number  of  sample, 

PLANTS 
Diatomacese,    . 

Astericnella,  .  .  . 
Ceratoneis,  .... 
Oymbella,  .... 
Melosira,  .... 
Meridiou,  .... 
Navicula,     .... 

Bynedra 

Tabellaria,  .... 

Cyanophycese, 

Coelosphaerium,  . 
Oscillaria,  .... 

Algse, 

Chlorococcus,     . 

Coelastrum, 

Pediasirum, 

Fungi.    Crenothrix,    . 
Total  Organisms, 


6281 


2 
6313 


6 
6367 


28 
6444 


20 


4 
0 
0 
5 
0 

pr. 
16 

pr. 


38 


110 


39 


Chemical  Examination  of  Wate?^  from  Cooley  Brook,  in  Chicojpee. 

[Parts  per  100,000.] 


Kksidukon 

Date  of 

Appearance.       | 

Evapora- 

Ammonia. 

tion. 

S 

5 

c 

o 

£.5 

a 

3 

1 

o 

a 
o 

c 
o 

1 

Albuminoid. 

i 

i 

•s 

"3 

o 

> 

■a 
s  P. 

rt 

S5 

o 

a 

fr- 

OJ 

O 

i^ 

ij 

f^ 

n 

S 

« 

6 

J5 

s 

>- 

I 

1889. 

5073 

Aug.  17  1  Aug.  19 

V.sl't. 

Cons. 

0.45 

■4.45 

1.15 

.0002 

.0138 '.0090 

1 

.0048 

.11 

.0070 

.0000 

1.4 

Odor,  none. The  sample  was  collected  from  the  brook,  near  its  mouth. 

Microscopical  Examination. 


Fungi,  Crenothrix,  pr. 
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CIIICOPEE. 

Chemical  Examination  of  Water  from  Poor  Brook,  in  Chicojpee. 

[Parts  per  100,000.] 


1 

Kesidce  on 



Datk  of 

Appearance. 

EV'AFOKA- 

Ammonia. 

AS 

1 

TION. 

o 

a -3 

3 

a 

o 
|5) 

o 

Albuminoid. 

1 

i 

c 

"3 

■d 
o 

■d 

3 

■a 

o 

o 

o 

3  P. 

"A 

o 

a 

H                M 

o 

^ 

hj 

Jsl 

ei 

S 

CO 

o 

<? 

'-' 

18 

89. 

5075 

Aug.  17 

Aug.  19 

V.sl't. 

Slight. 

1.3 

6.25 

2.60 

.0016 

.02381.0198 

.0040 

.13 

.0060 

.0001 

2.3 

Odor,  none. The  sample  was  collected  from  the  brook,  near  its  mouth. 

Microscopical  Examination. 

Diatomaceae,  Synedra,  pr.    Fungi,  Crenothrix,  4. 


Water  Supply  of  Clinton. 

Chemical  Examination  of  Water  from  the  New  Storage  Reservoir  of  the  Clinton 

Water  Works. 

[Parts  per  100,000.] 


]{ESIDUE  ON 

Date  of 

Afpearanc 

E. 

EVAPOKA- 
TION. 

Ammonia. 

0 

IsITKOGEN 
AS 

5 

3 

3 

1 

o 
3 

o 

5. -5 

5  5; 

i 

Albuminoid. 

g 

-3 

a 

■3 

0 

> 
3 

•d 
■a 

=  P> 

^ 

O 

tq 

c-i 

m 

u 

r^ 

-] 

^ 

5 

m 

0 

g 

!? 

H 

18  89. 

1 

,"S103 

Aug.  24    Aug.  27 

:  Slight. 

Slight. 

1.3 

6.25 

2.35 

.0090 

.0504 

.0416 

.0088 

.14 

.0020 

.0000 

2.0 

5104 

Aug.  24    Aug.  27 

V.sl't. 

Slight. 

0.1 

4.65 

1.20 

.0012 

.0108 

.0090 

.0018 

.18 

.0040 

.0000 

1.7 

Odor,  slightly  unpleasant. Sample  No.  5103  was  collected  from  the  reservoir,  near  the  dam;   No. 

5104  was  collected  from  the  stream,  about  450  feet  below  the  dam  of  the  reservoir,  and  represents  water 
which  had  filtered  past  the  dam. 

Microscopical  Examination. 

No.  5103.    Diatomaceae,  Synedra,  pr.    Algae,  Eudorina,  pr.    Fungi,  Crenothrix,  147.    Rhizopoda, 
Actinophrys,!.    Infusoria,  ySy/iwra,  2;    Ti'achelomonas,  10.    Total  organisms,  160. 
No.  5104.    Fungi,  Crenothrix,  93.    Infusoria,  Ciliated  in/usorian,  pr. 

Water  Supply  of  Cohasset.  —  Cohasset  Water  Company. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Cohasset  Water 

Company. 

[Parts  per  100,000.] 


Date  of         1 

Appearance. 

a 

Ammonia. 

Nitrogen 
as 

c 

s 

^ 

."2   1 

0 

a 

al 

3 

1 

0 

0   CS 

6 

0 

c 

a; 

'S 

■S 

''A 

i> 

w 

H 

cc 

0 

^ 

fc( 

< 

0 

"A 

'A 

a 

IS 

90. 

5685 

Feb.  17 

Feb.  18 

Very  slight. 

None. 

0.0 

- 

.0000 

.0048 

1.48 

.0150 

.0003 

- 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  pumping-station  while  pumping. 

Microscopical  Examination. 


Fungi,  Crenothrix,  5. 
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COHASSET. 

Chemical  Examination  of  Water  from  the  Distribiiling  Reservoir  of  the  Cohassei 

Water  Conijjany. 

[Parts  per  100,000.] 


Dae  of 

Al'PEARANCE. 

s 

Akmonia. 

Nitrogen 

AS 

o 

S 

'2 
3 

.1 

a 

c  2 
1^ 

tu 

fa 

< 

s 

6 

2 

■3 
3 

18 

90. 

5611 

Feb.    9 

Feb.  10 

Slight. 

Slight. 

0.2 

- 

.0000 

.0062 

1.44 

.0180 

.0002 

- 

5612 

Feb.    9 

Feb.  10 

Slight, 

Very  slight. 

0.0 

- 

.0000 

.0054 

1.42 

.0200 

.0001 

- 

614-4 

June  27 

June  28 

Slight. 

Slight. 

0.0 

16.40 

.0006 

.0070 

- 

.0050 

.0000 

8.4 

Oilor,  2^08.5611  and  5612,  none  cold,  unpleasant  when  heated;  No.  6144,  none. No.  5611  was 

collected  from  the  reservoir  at  surface;  No.  5612  from  the  reservoir  near  the  bottom;  No.  6144  from 
a  faucet  at  the  Cohasset  railroad  station. 


Microscojncal  Examination, 

[Number  of  organisms  per  cubic  centimeter.] 


February.  February, 


Day  of  examination 

Number  of  sample 

PLANTS. 
Diatomacege 

Asterionella, 

Melosira, 

Stephanodiscus,      .        .        .        . 
Syuedra, 

Algae.    Scenedcsraus, 

ANIMALS 
Infusoria, 

Dinobryon, 

Peridiniura 

Total  Organisms,  . 


11 

5611 


11 
5012 


28 
6144 


52 


341 

0 

0 

0 

341 


Water    Supply  of  Cottage  City. 

Company. 


Cottage  City  Water 


Description  of  Works.  —  Population  in  1890,  1,080.  The  Avorks 
are  owned  by  the  Cottage  City  Water  Co.  Water  was  introduced 
in  June,  1890.  The  source  of  supply  is  the  water  discharged  in  the 
form  of  springs  at  the  head    of  Lagoon  Pond,  near  the  boundary 
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COTTAGE    CITY. 

between  Cottage  City  and  Tisbury.  The  water  is  collected  by  means 
of  a  vitrified  drain  pipe,  12  inches  in  diameter,  laid  with  open 
joints  along  the  foot  of  the  bluffs  near  the  shore  of  the  pond  and 
below  the  level  of  high  water.  This  pipe  is  525  feet  in  length,  its 
upper  end  being  about  300  feet  down  the  valley  from  the  Beach 
Grove  Spring,  so  called.  In  its  course  from  the  point  of  begin- 
ning to  the  pumping-station  it  crosses  the  lower  end  of  a  small 
ravine  ;  two  branches,  each  six  inches  in  diameter  and  about  130 
feet  in  length,  built  along  the  sides  of  this  ravine,  intercept  the 
ground  water  which  formerly  discharged  there  and  conduct  it  into 
the  main  drain  pipe.  Water  is  pumped  from  the  pump  well  to  the 
village  and  to  an  open  iron  tank,  20  feet  in  diameter  and  70  feet  in 
height,  situated  between  the  pumping-station  and  the  village.  Dis- 
tributing mains  are  of  cast  iron.     Service  pipes  are  of  enameled  iron. 

Chemical  Exmninaiion  of  Water  from  Beach  Grove  Spring,  Cottage  City. 

[Parts  per  100,000.] 


Kksidueon  1 

NiTKOGEN 

Date  of 

Appearance.       1 

EVAPORA-    1 

Ammonia. 

TION.          1 

c 

S 

i 

Albuminoid. 

03 

g 

,    C3 

3 

1 

c 

^ 

§?c 

"3 

•o 

a 

O 

1 

S 

■3 

o 

o 

o 

'A 

Q 

a 

r^ 

x 

o 

_! 

'■^ 

5 

!» 

-1 

'A 

— 

18!)0. 

1 

5568 

Jau.  25  j  Jan.  27 

None. 

V.sPt. 

0.0 

3.20  1     - 

.0002 

.0052 '.0040  1.0012 

1            1 

.93 

.0070 

.0000 

0.8 

Odor,  none. The  sample  was  collected  from  the  spring. 

Microscopical  Examination. 

Diatomacese,  Synedra,  pr.    Algse,  Chlorococcus,  6;  Raphidium,  6.    Fungij  Leptothrix,  15,    Total 
organisms,  27. 


Chemical  Examination  of  Water  from  a  Brook  in  Cottage  City. 

[Parts  per  100,000.] 


1 

ItESIDDEONl 

Date  of 

Appearance.       j 

Evapora-  I 

Ammonia. 

TION.          1 

c 
o 

o 

3 
g.5 

3 

S 

Albuminoid. 

U 

■d 
> 
o 

■a 

•5 

'A 

H 

(B 

c 
O 

£. 

o 

►J 

o 

i5 

g  p, 

00 

J3 
O 

A 

'•A 

1890. 

. 

- 

5567 

Jan.  25    Jan.  27 

None. 

Slight. 

0.0 

3.30 

0.10 

.0002 

.0024 

.0010 

.0014 

.80 

.0070 

.0000 

0.9 

The  sample  was  collected  from  a  brook    near  Beach  Grove  Spring,     The  brook  is  fed  almost 
eutirelj'  by  springs  which  discharge  along  the  slopes  of  a  small  ravine. 


Microscojiical  Examination. 

Diatomacese.  Syjiedra,  1;  Navicula,  2,    Total  organisms,  4. 
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DANVERS. 

Water  Supply  of  Danveks. 


Chemical  Examination  of  Water  from 

[Parts  per  100, 


Middleton  Pond,  in  Middleton. 

000.] 


Date  of 

Appearance. 

Kesidue  on 
Evapora- 

Ammonia. 

Nitrogen 
as 

tion. 

o 

c 
o 

o 

i 

5 

03 

3 

1 

3 

a 

& 

S 

3 

6 

Albuminoid. 

« 
^ 

2 

3 
1 

o 

■6 
> 
o 

'2 

=  a 
a; 

o 
V 

18 

89. 

! 

1 
i 

4806 

June  8 

June  10 

V.el't. 

V.  sl't 

0.90 

- 

- 

.0030 

.0292  .0224 

.0068 

.34 

.0060 

.0000 

- 

4927 

July  9 

July  10 

V.sl't. 

Slight 

0.80 

] 

- 

.0012 

.0256^.0218 

.0038 

- 

.0040 

.0000 

1 

5058 

Aug.  13 

Aug.  14 

V.sl't. 

Slight. 

0.50 

- 

.0004 

.0224  1.0178 

.0046 

- 

.0000 

.0000 

- 

5165 

Sept.  10 

Sept.  12 

Slight. 

Slight 

0.75 

- 

- 

.0026 

.0222 

.0216 

.0006 

- 

.0040 

.0001 

- 

5233 

Oct.  8 

Oct.  9 

V.  sl't. 

V.sl't. 

0.75 

- 

- 

.0014 

.0240 

.0184 

.0056 

- 

.0020 

.0001 

- 

5335 

Nov.  12 

Nov.  13 

V.sl't. 

V.sl't. 

0.80 

- 

- 

.0010 

.0250 

.0226 

.0024 

- 

.0040 

.0001 

- 

5430 

Dec.  10 
IS 

Dec.  11 
!)0. 

V.sl't. 

V.sl't. 

0.70 

- 

- 

.0014 

.0214 

.0190 

.0024 

- 

.0030 

.0001 

- 

5519 

Jan.  9 

Jan.  10 

V.sl't. 

Cons. 

1.00 

- 

- 

.0012 

.0224 

.0180 

.0044 

- 

.0040 

.0001 

- 

5680 

Feb.  15 

Feb.  17 

V.sl't. 

Slight. 

0.60 

- 

- 

.0002 

.0144 

.0134 

.0010 

- 

.0180 

.0001 

- 

5762 

Mar.  11 

Mar.  12 

V.sl't. 

Slight. 

0.70 

- 

- 

.0008 

.0192 

.0168 

.0024 

.32 

.0050 

.0001 

- 

5873 

Apr.  10 

Apr.  11 

V.sl't. 

V.sl't. 

0.55 

- 

- 

.0014 

.0184 

.0140 

.0044 

.32 

.0050 

.0000 

- 

5971 

May  12 

May  14 

V.sl't. 

V.sl't. 

0.55 

- 

- 

.0006 

.0148 

.0124 

.0024 

.30 

.0040 

.0000 

- 

6085 

June  15 

June  18 

None. 

V.sl't. 

0.60 

- 

- 

.0036 

.0182 

.0158 

.0024 

.29 

.0100 

.0001 

- 

6193 

July  8 

July  9 

V.sl't. 

Slight. 

0.60 

3.40 

- 

.0022 

.0178 

.0178 

.0000 

.26 

.0020 

.0000 

- 

6400 

Aug.  13 

Aug.  14 

Slight. 

Slight. 

0.45 

3.45 

1.70 

.0012 

.0192 

.0168 

.0024 

.34 

.0050 

.0000 

1.3 

6487 

Sept.  9 

Sept.  10 

V.sl't. 

Slight. 

0.60 

3.85 

1.35 

.0000 

.0220 

.0156 

.0064 

.80 

.0130 

.0002 

1.6 

6581 

Oct.  9 

Oct.  10 

V.sl't. 

Slight. 

0.65 

4.20 

1.55 

.0000 

.0180 

.0152 

.0028 

.25 

.0120 

.0002 

1.4 

6707 

Nov.  10 

Nov.  11 

V.sl't. 

V.sl't. 

0.70 

4.60 

2.25 

.0014 

.0184 

.0164 

.0020 

.35 

.0030 

.0000 

1.4 

6802 

Dec.  9 

Dec.  11 

V.sl't. 

V.sl't. 

0.60 

4.15 

1.90 

.0028 

.0230 

.0186 

.0044 

.32 
.31 

.0070 

.0001 

1.6 

Av. 

0.67 

4.05 

1.75 

.0014 

.0208 

0176 

.0032 

.0058 

.0001 

1  5 

Odor,  none  or  faintlj'  vegetable. The  samples  were  collected  from  a  faucet  in  the  pumping- 

statiou  while  pumping,  or  from  the  pond. 
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Mic?'oscoptcal  Exmnination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample, 


June. 

July. 

Aug. 

11 

11 

14 

4806 

4927 

5058 

Sept. 


12 
5165 


13 
5335 


11 
5430 


11 
5519 


18 
5680 


14 
5762 


PLANTS. 
Diatomacese, 


Asterionella,    . 
Melosira,  . 
Steplianodiscus, 
Synfdra,  . 
Tabellaria, 


Cyanophycese, 

Anabsena, 
Aphanocapsa,  . 
Chroococcus,    . 
Clatlirocyetis,  . 
Coelosphaerium, 


Algse, 


ChlorococcuB, 
Ccelastrum, 
Eudorina, 
Staurastrum, 


Fungi.    Crenothrix, 


3 
0 
pr. 
0 
0 


pr. 

pr. 
0 
0 
0 
0 


111 

221 

0 
0 
5 
0 
106 

11 

0 

3 

0 

207 

54 

13 

16 
38 
0 
0 
0 

5 
0 
0 

^^8 

149 

49 

130 
10 
0 
9 

49 
0 

0 

0 

103 


0 

12 

0 

2 

pr. 

68 


82 


125 

94 
14 
13 

2 
2 


207 

164 

34 

5 

0 

4 


454 


662 

642 

11 

5 


623 


543 
62 


ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria, 

Ciliated  infusorian, 

Dinobryon, 

Peridinium, 

Crustacea.    Cyclops,    . 

Porifera.    Sponge  spicules, 


0 

pr. 

0 

pr. 

0 

0 

0 

0 

0 

10 

27 

0 

pr. 

0 

0 

1 

0 
0 
0 

4 
0 
6 

0 

27 
0 

0 
0 
0 

0 

0 
0 
0 

0 
0 
0 

0 

1 

pr. 

0 

pr. 

0 

0 

0 

0 

■ 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

7 

324 

310 

186 

82 

129 

211 

458 

pr. 
4 

0 


0 
635 


Total  Organisms, 
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DAjSTVERS. 

Iltcroscojncal  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examitiation, 

12 

16 

18 

10 

14 

10 

11 

11 

11 

Number  of  sample,   .... 

5873 

5971 

6085 

6193 

6400 

6487 

6581 

6707 

6802 

PLANTS. 

Diatomacese,     .... 

174 

195 

94 

6 

19 

43 

254 

204 

779 

Asterionella 

Melosira 

Stephanodiscus 

Synedra,        ..... 
Tabellaria 

101 

20 

6 

40 

7 

136 
3 
20 
20 
16 

0 

2 

92 

0 

0 

4 

0 
2 
0 
0 

14 
0 
1 
pr. 
4 

11 

2 

0 

0 

30 

79 
6 
2 
0 
173 

64 
33 
20 
pr. 

87 

376 

186 

60 

3 

154 

Cyanophycese,  .... 

0 

0 

8 

51 

14 

75 

38 

4 

1 

Anabaena, 

Aphanocapsa,       .... 

ChroococcuB 

Clathrocystis 

Coslosphserium,    .... 

0 
0 
0 
0 
0 

0 
0 
0 

pr. 

pr. 

6 
2 
0 
0 
pr. 

1 
48 
0 
1 
1 

0 

6 

>  0 

4 
4 

2 

0 

44 

12 

17 

0 

0 

24 

1 

0 
0 
0 
0 
4 

1 

0 
0 
0 

0 

Algse, 

0 

3 

7 

184 

40 

27 

16 

pr. 

0 

Chlorococcus,       .... 

Coelastrum 

Eudorina, 

Staurastrum 

0 
0 
0 
0 

3 
0 
0 
0 

7 

pr. 

0 

0 

175 
9 
0 
0 

10 
0 

30 
0 

27 

0 

0 

pr. 

16 
0 
0 
0 

0 

0 

0 

pr. 

0 
0 
0 
0 

Fungi.     Crenothrix, 

0 

0 

2 

24 

2 

0 

0 

0 

0 

ANIMALS. 

Rhizopoda.    Actinophrys, 

0 

0 

0 

0 

0 

pr. 

0 

2 

0 

Infusoria 

1 

pr. 

pr. 

4 

pr, 

0 

0 

0 

pr. 

Dinobryon 

Peridinium, 

0 
0 

1 

0 

pr. 

0 

0 

pr. 

0 

0 
0 

4 

0 

0 

pr. 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

pr. 

Crustacea.    Cyclops, 

0 

0 

0 

pr. 

pr. 

0 

0 

0 

0 

Porifera.    Sponge  spicules, 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

Total  Organisms, 

175 

198 

112 

269 

75 

145 

S06 

210 

780 
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EASTHAMPTON. 


Water  SurPLY  of  Easthampton. 


Chemical  Examination  of  Water  from  Wilton  Brook  and  Willision  Pond, 

Eastham^pton. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidukon 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

,i 

c 

Albuminoid. 

u 

S 

1  '« 

>. 

■s 

r.'^ 

o 

13 

6 

.»• 

^ 

S 

1 

o 

3 

It 

■•s 

s 

o 

o 

d 

d 

"o 

•a 
S  P- 

o 

cS 

"C 

V 

S 

o            pq 

H 

m 

O 

H 

ij 

fo 

E-i 

a 

03 

O 

'^ 

!2! 

w 

18 

89 

5105 

Aug.  26 

Aug.  27 

V.Bl'ti 

Slight. 

0.10 

- 

- 

.0014 

.0076 

.0074 

.0002 

_ 

_ 

.0000 

- 

5106 

Aug.  26 

Aug.  27 

V.sl't. 

Slight. 

0.10 

- 

- 

.0040 

.0094 

.0066 

.0028 

_ 

_ 

.0002 

- 

5107 

Aug.  26 

Aug  27 

Dist't. 

Cons. 

0..35 

- 

- 

.0048 

.01.30 

.0112 

.0018 

_ 

_ 

.0003 

- 

510S 

Aug.  26 
18 

Aug.  27 
90. 

Slight. 

Slight. 

0.30 

~ 

~ 

.0042 

.0218 

.0170 

.0048 

- 

- 

.0000 

** 

6220 

July  14 

July  15 

Slight. 

Slight. 

0.20 

4.95 

- 

.0026 

.0246 

.0176 

.0070 

.39 

.0000 

.0000 

1.95 

6264 

July  18 

July  21 

Slight. 

Slight. 

0.15 

4.30 

- 

.0068 

.0302 

.0184 

.0118 

.42 

.0020 

.0004 

2.01 

Odor,  5105  and  5106,  none;   5107  and  5108,  grassy,  cold,  unpleasant  when  heated. No.  5105  was 

collected  from  Wilton  Brook,  near  its  source.  No.  5106  was  collected  from  the  brook,  above  the  ceme- 
tery. No.  5107  was  collected  from  Wilton  Brook,  below  the  cemetery.  Nos.  5108  and  6220  were  collected 
from  Williston  Pond  on  Wilton  Brook,  at  its  outlet.  No.  6264  was  collected  from  Williston  Pond,  10  feet 
from  shore  and  about  25  feet  from  the  outlet,  at  a  depth  of  2i  feet  beneath  the  surface;  the  total  depth 
at  this  point  is  4  feet. 

Microscopical  Examinatio  n. 

[Number  of  organisms  jser  cubic  centimeter.] 


Day  of  examination. 
Number  of  sample, . 

PLANTS. 

DiatomacesB,    . 

Asterionella, 

Navicula, 

Synedra, 

Algse,     .... 

Chlorococcus, 
Pediastrum, 

Fungi.    Crenothrix,     . 

ANIMALS, 

Infusoria,    . 

Dinobryon,  . 
Monas, 
Peridiuium, 
Phacus, 
Trachelomonas,  . 

Vernaes, 

Auurea, 
Monocerca,  . 
Polyarthra, . 

Crustacea.    Cyclops, 


27 
5105 


27 
5106 


27 
5107 


27 
5108 


July. 


16 
6220 


July 


22 
6264 


pr. 


pr. 

0 

pr. 

pr. 


65 


155 

3 


295 

283 
0 
7 
0 
5 


pr. 


Total  Organisms, 


235 
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Chemical  Examination  of  Water  from  the  Neiu  Reservoir,  Easthavipton. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

o 
S 
Q 

.12 
.13 

Nitrogen 

AS 

o 

o 
O 

S 

1 

3 
3 

a 

m 

o 
o 
O 

1 

S 

Albuminoid. 

g 

K 

a 

'A 

o 

•a 

5 

3  p. 

03 

a 
■a 

6233 
6234 

18 

July  14 

July  15 

90. 

July  16 

July  16 

None. 
None. 

V.sl't. 
None. 

0.0 
0.0 

6.40 
5.80 

- 

.0002 
.0000 

.0020 
.0044 

- 

- 

.0020 
.0020 

.0000 
,0000 

4.3 
3.8 

Odor,  none. No.  6233  was  collected  from  the  stream  entering  the  new  reservoir.    No.  6234  was 

collected  from  a  faucet  in  the  village,  the  supply  at  the  time  coming  apparently  from  the  new  reservoir. 

Microscopical  Examinaiio  n. 

No.  6233.    No  organisms. 

No.  6234.    Diatomacece,  yl.si;erio«(?^^a,  pr.;    Melosira,    1;    Nitzchia,    pr.;    Tabellaria,    pr.    Algae, 
ClilorococcuSyl;  Pediaiitrum,pr.    Infusoria,  T'racAetowowas,  2.    Total  organisms.  4. 


Essex. 

Chemical  Examination  of  Water  from  the  Chebacco  Ponds,  in  Essex. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

3 
0 

.88 
.80 
.81 
.84 
.86 

Xitrogen 

as 

c 
o 

o 
o 

.2 
-A 

3 

3 
•3 

o 

.2 

3 

£ 

Albuminoid. 

'■^ 

?. 

1 

■3 

0 

■6 
3 

■6 
•a 

~  p. 

1 

6808 
6809 
6810 
6811 
6812 

18 

Dec.    9 

Dec.    9 
Dec.    9 
Dec.    9 
Dec.    9 

90. 

Dec.  11 

Dec.  11 
Dec.  11 
Dec.  11 
Dec.  11 

- 

- 

1.50 
0.05 
0.00 
1.30 
1.70 

- 

- 

.0020 

.0128 

- 

- 

- 

- 

- 

No.  6808  was  collected  from  the  brook  flowing  from  Cox's  Pond  near  where  it  enters  Round  Pond. 
No.  6S09  was  collected  from  the  north-westerly  shore  of  Gravel  Pond.  No.  6810  was  collected  from 
Beck's  Pond  on  the  south-westerly  shore,  through  an  opening  in  the  ice;  the  sample  is  probably,  in 
part,  ground  water.  No.  6811  was  collected  from  Round  Pond  near  the  westerly  shore.  No.  6812  was 
collected  from  Chebacco  Lake  at  its  southerly  end.  The  ponds  were  covered  with  about  three  inches  of 
ice  at  the  time  the  samples  were  collected. 
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falmouth. 

Falmouth. 

Chemical  Examinatioji  of  Water  from  a  Tubular  Well  at  West  Falmouth, 


[Parts  per  100,000.] 

Date  of 

Appearance. 

.2 

Ammonia. 

KiTKOGEN 

AS 

1-  c 

S 

3 

_>. 

a 

•fl 

II 

o 

=1 

"S 

s 

z:) 

3 

i- 

-5 

« 

£ 

< 

S 

2 

03 

18 

90. 

6395 

Aug.  11 

Aug.  13 

Slight. 

Slight. 

0.90 

11.50 

.0032 

.0074 

2.58 

.0100 

.0001 

3.64 

Odor,  none. The  sample  was  collected  from  a  well  near  Hog  Island  harbor,  100  feet  from  ordinary        g 

high  tide  and  50  feet  from  the  highest  tide. 


Fungi,  Crenothrix,  138. 


Microscopical  Examination. 


Water  Supply  or  Fitchburg. 

Chemical  Examination  of  Water  from  Scott  Resei^voir,  Fitchburg. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

§ 

.2 

t-3 

, 

Albuminoid.       | 

-d 

M 

a 

a-s 

s 

_a 

o 

"a 

o  Si 

6 

£ 

> 
o 

■c 

c 
o 

% 

■5 

ta 

;zi 

o 

w 

3 

m 

o 

^ 

3 

fe 

H 

s 

CO 

O 

?5 

'A 

18 

1 

89. 

4R43 

June  17 

June  IS 

Slight. 

Cons. 

0.0.5» 

_ 

_ 

.0020 

.02.52 

.0220  .0032 

- 

.0030 

.0001 

- 

4975 

July  23 

July  25 

Dist't. 

Cons., 
fibr'us. 

0.20 

- 

- 

.0026 

.0196 

.0182 

.0014 

~ 

.0020 

.0000 

~ 

5088 

Aug.  20 

Aug.  21 

Slight. 

Cons. 

0.10 

- 

_ 

.0006 

.0226 

.0164 

.0062 

- 

.0050 

.0000 

- 

5191 

Sept.  17 

Sept.  18 

Dist't. 

Cons. 

0.10 

_ 

_ 

.0002 

.0248 

.0198 

.00.50 

- 

.0030 

.0000 

- 

5^68 

Oct.   16 

Oct.   17 

Slight. 

Cons. 

0.05 

_ 

_ 

.0004 

.0254 

.0176  1.0078 

- 

.0030 

.0000 

- 

5369 

Nov.  19 

Nov.  20 

Slight. 

Cons. 

0.10 

_ 

_ 

.0000  1.0220 

.0164  .0056 

- 

.0000 

.0000 

- 

5454 

Dec.  17 

Dec.  18 

Slight. 

Slight. 

0.05 

- 

■  - 

.0004 

.0222 

.0196  .0026 

- 

.0020 

.0001 

- 

18 

90. 

5560 

Jan.  21 

Jan.  22 

Slight. 

Slight. 

0.10 

_ 

_ 

.0000 

.0144 

.0104 

.0040 

- 

.0050 

.0000 

- 

5720 

Feb.  24 

Feb.  26 

Slight. 

V.sl't. 

0.05 

_ 

_ 

.0000 

.0346 

.0220 

.0126 

- 

.0050 

.0001 

- 

5806 

Mar.  21 

Mar.  22 

V.sl't.i  Slight. 

0.05 

_ 

- 

.0000 

.0166 

.0100   .0066 

.12 

.0050 

.0001 

- 

5899 

Apr.  16 

Apr.  17 

Slight.  Slight. 

0.05 

_ 

_ 

.0008  (.0174 

.0152:.  0022 

.14 

.0040 

.0000 

- 

5999 

May  20 

May  21 

Slight.  Slight. 

0.05 

_ 

_ 

.0000;.  0164 

.0110  i. 00.54 

.15 

.0000 

.0000 

- 

6136 

Jvme  25 

June  26 

Dist't.!  Cons. 

0.02 

_ 

- 

.0006 '.0188 

.0140  1.0048 

.11 

.0070 

.0000 

0.8 

6269 

July  21 

July  22 

Dist't.   Slight. 

0.05 

3.25 

_ 

.0010 i. 0306 

.0254  1.0052 

.14 

.0020 

.0003 

1.1 

6430 

Aug.  18 

Aug.  21 

Slight.  V.sl't. 

0.02 

2.55 

1.35 

.0052 

.0238 

.0168 

.0070 

.16 

.0060 

.0000 

0.6 

6513 

Sept.  15 

Sept.  17 

Dist't.  Cons., 

0.40 

2.75 

1.40 

.0030 

.0310 

.0218 

.0092 

.13 

.0020 

.0001 

1.2 

fibr'us. 

66-?7 

Oct.  20 

Oct.  21 

V.sl't. 

Slight. 

0.15 

2.40 

0.80 

.0006 

.0190 

.0150 

.0040 

.14 

.0050 

.0003 

0.8 

6761 

Nov.  25 

Nov.  26 

Slight. 

Slight. 

0.10 

2.. 55 

0.85 

.0004 

.0190 

.0152 

.0038 

.l.i 

.0080 

.0001 

0.9 

6847 

Dec.  22 

Dec.  23 

Slight 

Cons. 

0.10 

2.45 

0.70 

.0006 

.0190 

.0052 

.0138 

.08 
.13 

.0220 

.0001 

0.8 

Av. 

0.09 

2.54 

1.02 

.0010 

.0222 

.0164 

.0058 

.0047 

.0001 

0.9 

Odor,  generally  vegetable,  occasionally  disagreeable,  rarely  none. The  samples  were  collected 

from  the  reservoir,  near  the  gate-house,  at  a  depth  of  one  foot  beneath  the  surface. 
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FITCHBTJUG. 

Microscopical  Examination. 

[Number  of  organisms  jjer  cubic  centimeter.] 


Day  of  examination,    . 
Number  of  sample, 


•  20 
4843 


July 


26 
4975 


Sept. 


19 
5191 


19 

5268 


21 
5369 


19 

5454 


23 
5560 


28         25 
5720     5806 


PLANTS. 
Diatomacese, 


Asterionella, 
Melosira,  . 
Navicula,  . 
Synedra,  , 
Tabellaria, 


Cyanophyceee, 


Anabasna, 

Aphanocapsa, 

Chroococcus, 


Algae, 


Arthrodesmus, 

Chlorococcus, 

Pediastrum, 

Raphidium, 

Scenedesmus, 

Spirotsenia, 

Staurastrum, 

Staurogenia, 

Zoospores, 


ANIMALS. 
Rhizopoda.     Actinophry 

Infusoria, 

Dinobryon, 

Monas,      .... 

I'eridiDium, 

Tracbelomonas, 

Vermes 

Anurea,    .... 

Asplanchna, 

I'olyarthra, 

Kotifer 


Porifera.    Sponge  spicules. 


pr. 


pr. 

pr. 
0 
0 
0 

pr. 
0 
0 


985 

588 

0 

pr. 

0 
402 


1,290 


1,114 

0 

0 

0 

176 


472 

0 

472 

0 


0 
0 

pr. 
0 

pr. 
0 
5 
0 
0 


63 

38 

2 

0 

pr. 

23 


716 

pr. 

658 
1 
0 
0 
12 
45 
0 
0 


206 


0 
4 

4 
152 


7,464 


7,320 
0 
0 
0 
0 
144 
0 
0 


260 

160 
0 
0 

20 
80 


5,240 

0 
4,910 
0 
0 
5 
0 
330 
0 
0 


128 

0 

128 

0 


0 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

pr. 
0 
0 
0 


0 

1 

0 

0 

pr. 


pr. 


0 

640 

603 
0 

37 
0 


ToT^L  Organisms,    . 


991  1,832   802  7,706  5,505   155 


227   650   248 


140 
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FITCHBURG. 


Microscojncal  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 


April.     May. 


July. 


Sept. 


Day  of  examination, 
Number  of  sample,   . 


27 
6136 


6269 


17 
6513 


22 
6627 


28 
6761 


PLANTS. 
Diatomacese, 


Asterionella, 
Melosira, 
N  avion  la, 
Synedra, 
Tabellaria,    . 


Cyanophycese, 


Anabfena, 

Aphanocapsa, 

Chroococcus, 


Algae, 


Arthrodesmus, 
Cblorococcus, 
Pediaetrum,  . 
Raphidium,  . 
Scenedesmus, 
Spirotaenia,  . 
Staurastrum, 
Staurogenia, 
Zoospores,    . 


165 

52 

0 

0 

43 

70 


324 


0 
10 
126 


140 

116 

4 

0 

4 

16 


78 


22 


132 


132 
0 
0 


308 

192 

50 
0 

66 
0 


34 


143 

1.102 

44 

272 

0 

10 

7 

1 

86 

804 

6 

15 

0 

27 

0 

0 

0 

0 

0 

27 

36 

399 

4 

14 

0 

162 

2 

1 

15 

132 

0 

6 

0 

0 

15 

70 

0 

14 

0 

0 

0 

pr. 

0 

3 

0 

0 

0 

0 

0 

3 

0 

pr. 

1 

0 

1 
1 

0 

0 

0 

0 

1 

0 

2 

0 

ANIMALS. 
Rhizopoda.    Actinophrys, 


Infusoria,     . 

Dinobryon,   . 
Monas,  . 
Peridiniura,  . 
Trachelomonas, 

Vermes, 

Anurea, 
Asplanchna, 
Polyartbra,   . 
Rotifer, 


Porifera.    Sponge  spicules. 


108 

104 
0 
4 
0 


254 

110 
0 

144 
0 


0  0 

4,516        818 


4,492 

0 

24 

0 


564 


Total  Oksanisms, 


287 


150 


810 


182      1,532 
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riTCHBTJRG. 

Chemical  Examination  of  Water  from  Overlook  Reservoir,  Fitchburg. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

6 

e 

o 

6 

Nitrogen 
as 

5 

o 
O 

1  ^ 

-a 
S 

S 

a 

CO 

o 

H 

_3 

o 

Albuminoid. 

1 

1 

s 
izi 

o 

> 

o 

S 

■d 

ri  S 
3  p. 

c 

OS 

X 

18 

89. 

4842 

June  17 

June  18 

V.sl't. 

V.sl't. 

0.10 

- 

- 

.0008 

.0134 

.0126 

.0008 

- 

.0020 

.0001 

- 

5190 

Sept.  17 

Sept.l8 

V.  sl't. 

Slight. 

0.25 

- 

- 

.0002 

.0192 

.0178 

.0014 

- 

.0070 

.0000 

- 

5205 

Sept.  30 

Oct.    1 

Slight. 

Slight. 

0.30 

- 

- 

.0000 

.0220 

.0166 

.0054 

- 

.0020 

.0000 

- 

5267 

Oct.  16 

Oct.  17 

Dist't. 

Cons. 

0.40 

- 

- 

.0008 

.0218 

.0150 

.0068 

- 

.0030 

.0000 

- 

5368 

Nov.  19 

Nov.  20 

Slight. 

Cons. 

0.45 

- 

- 

.0000 

.0178 

.0146 

.0032 

- 

.0000 

.0000 

- 

5453 

Dec.  17 
18 

Dec.  18 
90. 

V.  sl't. 

V.  sl't. 

0.25 

- 

- 

.0008 

.0218 

.0200 

.0018 

- 

.0030 

.0000 

- 

5559 

Jan.  21 

Jan.  22 

Slight. 

Slight. 

0.20 

- 

- 

.0002 

.0142 

.0122 

.0020 

- 

.0070 

.0000 

- 

5719 

Feb.  24 

Feb.  26 

Slight. 

Slight. 

0.10 

- 

- 

.0036 

.0328 

.0304 

.0024 

- 

.0040 

.0000 

- 

5805 

Mar.  21 

Mar.  22 

V.sl't. 

V.sl't. 

0.30 

- 

- 

.0004 

.0144 

.0132 

.0012 

.13 

.0070 

.0001 

- 

5898 

Apr.  16 

Apr.  17 

Slight. 

Slight. 

0.05 

- 

- 

.0006 

.0158 

.0136 

.0022 

.12 

.0040 

.0000 

- 

5998 

May  20 

May  21 

V.sl't. 

Slight. 

0.10 

- 

- 

.0000 

.0158 

.0134 

.0024 

.10 

.0030 

.0000 

- 

6118 

June  23 

June  24 

Slight. 

Slight. 

0.10 

- 

- 

.0022 

.0222 

.0198 

.0024 

.08 
.11 

.0025 

.0003 

0.4 

Sr 

0.21 

- 

- 

.0009 

.0191 

.0165 

.0026 

.0036 

.0000 

Odor,  generally  none,  occasionally  vegetable. The  samples  were  collected  from  the  reservoir  at 

the  gate-house  one  foot  beneath  the  surface.     There  was  complaint  of  a  bad  taste  and  odor  in  the  water 
of  the  reservoir  in  September  and  October,  1889. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Sept. 

Oct. 

Oct. 

Xov. 

19 

1 

18 

21 

5190 

5205 

5267 

5368 

227 

165 

152 

107 

159 

32 

31 

16 

0 

59 

56 

79 

0 

4 

pr. 

0 

68 

70 

65 

12 

Day  of  examination, 
Number  of  sample, 


18 

4842 


19 

5453 


Diatomaceae, 

Asterionella, 
Melosira,     . 
Synedra,     . 
Tabellaria, 


PLANTS. 


pr, 

0 
0 

pr. 

pr. 


20 

0 

pr. 

12 
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FITCHBUHG. 

Microscopical  Examination  —  Concluded. 

[Numb.er  of  organisms  per  cubic  centimeter.] 


Cyanophycese.  Aphanocapsa, 
Algse.    Cklorococcus, 


Sept.        Oct. 


0 
242 


Nov. 


0 
1,106 


ANIMALS. 


Infusoria,  . 

Dinobryon, 

Monas, 

Peridinium, 

Synura, 


901 

0 
0 
1 

900 


910 

146 
0 
0 

764 


Total  Okganiems, 


1,225 


1,140 


1,214 


April. 


May.       June 


Day  of  examination, 
Number  of  sample, 


23 
5559 


28 
5719 


25 

5805 


PLANTS. 


Diatomacese, 

Asterionella, 
Melosira,    . 
Synedra,     . 
Tabellaria, 


Cyanophycese.    Aphanocapsa, 


Algas.    Cblorococcus, 


ANIMALS. 


Infusoria,  . 

Dinobryon, 
Monas, 
Peridinium, 
Synura, 


1,305 


415 
0 


654 
5 


257 

242 
0 
15 
0 


'3,800 
0 


Total  Organisms, 


1,354 


,857 


*  Estimated. 
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riTCHBUKG. 

Chemical  Examination  of  Water  from  Falulnh  Reservoir,  Fitchbiirg. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

s 

.10 
.08 
.08 
.22 
.14 

.10 
.11 
.15 
.09 

Nitrogen 

AS 

.2 
o 

.2 

03 

1 

CO 

o 

6 

o 

.2 
o 

E4 

Albuminoid.   | 

g 

S 

1 

1 

o 

■6 
> 

o 

00 

"5 

a 

4841 
4974 
5087 
5195 
6266 
5367 
5452 

5558 
5718 
5804 
5897 
5997 
6117 
6268 
6431 

6514 
6626 
6762 
6846 

18 
June  17 
July  23 
Aug.  20 
Sept. 20 
Oct.  16 
Nov.  19 
Dec.  17 

18 

Jan.  21 
Feb.  24 
Mar.  21 
Apr.  16 
May  20 
June  23 
July  21 
Aug.  18 

Sept.  15 
Oct.  20 
Nov.  25 
Dec.  22 

89. 

June  18 
July  25 
Aug. 21 
Sept.  21 
Oct.  17 
Nov.  20 
Dec.  18 

90. 

Jan.  22 
Feb.  26 
Mar.  22 
Apr.  17 
May  21 
June  24 
July  22 
Aug.  21 

Sept.  17 
Oct.  21 
Nov.  26 
Dec.  23 

Slight. 
None. 
V.sl't. 
V.sl't. 
V.sl't. 
V.  sl't. 
V.sl't. 

None. 
None. 
V.sl't. 
V.sl't. 
V.sl't. 
Dist't. 
None. 
V.sl't. 

Slight. 
V.sl't 
Slight 
Slight 

Cons. 

V.sl't. 

Slight. 

Cons. 

V.sl't. 

None. 

V.sl't. 

V.sl't. 
V.  sl't. 
V.sl't 
V.sl't 
V.sl't 
Slight 
Slight 
Cons, 
earthy 
Cons. 
V.sl't 
Slight 
Cons. 

0.20 
0.20 
0.15 
0.90 
0.40 
0.20 
0.05 

0.10 
0.05 
0.30 
0.10 
0.20 
0.20 
0.05 
0.20 

0.10 
0.50 
0.10 
0.10 

3.05 
3.45 

3.40 
2.55 
3.05 
2.55 

1.30 

1.50 
1.15 
0.95 
0.75 

.0024 
.0026 
.0020 
.0004 
.0002 
.0000 
.0016 

.0008 
.0010 
.0006 
.0002 
.0012 
.0026 
.0006 
.0000 

.0066 
.0004 
.0002 
.0006 

.0196 
.0144 
.0116 
.0222 
.0164 
.0082 
.0164 

.0256 
.0164 
.0130 
.0178 
.0168 
.0258 
.0098 
.0098 

.0182 
.0164 
.0184 
.0080 

.0154 
.0126 
.0092 
.0198 
.0150 
.0072 
.0138 

.0200 
.0138 
.0120 
.0162 
.0136 
.0198 
.0098 
.0078 

.0158 
.0144 
.0158 
.0060 

.0042 
.0018 
.0024 
.0024 
.0014 
.0010 
.0026 

.0056 
.0026 
.0010 
.0016 
.0032 
.0060 
.0000 
.0020 

.0024 
.0020 
.0026 
.0020 

.0030 
.0020 
.0040 
.0070 
.0030 
.0000 
.0040 

.0060 
.0090 
.0030 
.0080 
.0030 
.0070 
.  0050 
.0120 

.0050 
.0050 
.0120 
.0150 

.0002 
.0001 
.0001 
.0001 
.0000 
.0000 
.0001 

.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0003 
.0001 

.0001 
.0003 
.0002 
.0001 

1.0 
1.3 

1.3 
0.9 
0.8 
0.8 

Av. 

0.22 

3.00 

1.13 

.0013 

.0160 

.0136 

.0024 

.12 

.0059 

.0001 

0.6 

Odor,  generally  faintly  vegetable,  frequently  none. The  samples  were  collected  from  the  reser- 
voir near  the  gate-house,  with  the  exception  of  Nos.  4974  and  6268  which  were  collected  from  the  brook 
where  it  enters  the  reservoir.    The  reservoir  was  not  in  use  July  17  to  Sept.  17,  1889. 


Microscopical  Exami?iatio7i. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Sept. 


Feb.     Mar. 


Day  of  examination, 
Number  of  sample, 


18 
4841 


24 
4974 


22 
5087 


24 
5195 


19 
5266 


21 

5367 


19 
5452 


23 

5558 


28 
5718 


25 
5804 


PLANTS. 

Diatomacege, 

Asterionella,    .... 

Melosira, 

Navicula 

Synedra, 

Tabellaria,        .... 

Cyanophycese.    Aphanocapsa, 

Algae.    Chlorococcus, 

Fungi 

Beggiatoa 

Crenothrix 


pr. 


0 

0 

1 

pr. 


0 

0 

pr. 

0 

pr. 


25 

6 

0 

0 

0 

1 

1 

0 

24 

4 

0 

1 

0 

0 

0 

0 

44 

30 

0 

0 

44 

30 

0 

0 

0 

pr. 


pr. 
1 


3 

1 

2 

0 

0 

0 

pr. 

0 

1 

1 

0 

0 

12 

6 

0 

0 

pr. 

0 

0 

0 

pr. 

0 
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FITCHBUBG. 

Microscopical  Examijiation  —  Concluded. 


[Number  of  org 

anisrae 

per  cubic  centimeter.] 

1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

ANIMALS. 

Infusoria 

Dinobryon 

Peridinium 

pr, 

pr. 

0 

0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
0 
0 

2 

2 
0 

0 

0 
0 

1 

0 
1 

2 

0 

2 

6 

6 
pr. 

Total  Oeganisms,    . 

82           1 

69 

36 

18 

10 

3 

16 

9 

9 

April.      May.  i  June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 


Day  of  examination, 

Number  of  sample,   .         .        .         . 

PLANTS. 

Diatomaceae,      .       .       .       . 

Asterionella,  .         .         .        . 

Melosira, 

Navicula, 

Synedra,        .         .         .        . 
Tabellaria, 

Cyanoptiycese.    Aphanocapsa, 

Algse.     Chlorococcus,  . 

Fungi, 

Beggiatoa, 

Crenothrix, 

ANIMALS. 

Infusoria,     .       .       .       .       . 

Dinobryon, 

Peridinium 

Total  Organisms,     . 


19 

5897 


21 
5997 


25 
6117 


22 

6268 


6431 


17 
6514 


22 
6626 


28 
6762 


24 


920 

920 

0 


8   1,052 


0 

0 

0 

0 

0 

0 

61 

40 

Table  shoiving  the  average  monthly  Height  of  Water  in  Falulah,  Overlook  and 
Scott  Reservoirs,  Fitchhurg. 

The  height  of  water  in  Falulah  Reservoir  when  full  is  20  feet;  in  Overlook  and  Scott  Reservoirs, 
40  feet. 


Hkight  or  Water  in  Reservoirs. 


1889. 
June, 

July 

August, 

September 

October, 

November, 

December, 


19.0 

39.9 

- 

34.0 

- 

33.4 

6.0 

30.6 

20.0 

32.9 

20.0 

37.9 

20.1 

36.5 

40.0 
39.0 
38.8 
35.5 
37.0 
38.5 
40.0 
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FITCHBUKG. 

Table  shoiving  the  average  monthly  Height  of  Water  in  Falulah,  Overlook  and 
Scott  Reservoirs,  Fitchburg — Concluded. 


Height  of  Water  in  Kesekvoiks. 


1890. 

January 

February,    

March, 

April,  ....... 

May,     .        .        .    '     . 

June, 

July 

August, 

September, 

October 

November, 


20.0 

37.0 

40.0 

20.1 

37.2 

40.0 

20.0 

37.5 

40.0 

20.0 

39.0 

40. a 

20.0 

40.1 

40.0 

20.0 

40.0 

40.0 

0.0 

36.0 

37.0 

11.0 

33.0 

32.8 

20.0 

39.0 

3S.0 

20.2 

39.5 

40.0 

20.0 

35.0 

40.0 

FOXBOROUGH. 

Chemical  Examination  of  Water  from  a  Strearn  fed  by  Springs  near 
site  of  Troposed  Wells. 

[Parts  per  100,000.] 


Residue  on 

Date  of 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

tion. 

ri 

E 

Albuminoid.       j 

1 

;0 

3-- 

!9 

1 

i 

■~ 

. 

~ 

> 
■3 

V 

6 

'   1 

'S 

1 

O 

a 

E-i 

05 

o 

1^ 

0 

CO 

(J 

^ 

|Zi 

18 

89. 

5438 

Dec.  12 

Dec.  13 

None. 

None. 

0.03 

3.60 

0.85 

.0024 

.0056 

.0040 

.0016 

.42 

.0280 

.0000 

0.8 

Odor,  very  faintly  vegetable. The  sample  was  collected  from  a  stream  fed  by  springs,  at  site  of 

a  small  dam  nearly  opposite  the  house  of  Peter  Post. 

Microscopical  Examination. 

Diatoma.cese,  AsterioneUa,B;   Geratotieis,  Z;  Ifeloslra,  2;  Meridion,!;   S i/nedr a,  pr.    Total  organ- 
isms, 9. 

Chemical  Examination  of  Water  from  a  Mill  Pond,  in  Foxborongh. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

c 

c 

Albuminoid. 

u 

0 

>. 

"S 

+j 

■a 

"C 

OJ 

m 

S 

.a 

a 

3 

0 

a- 

S 

.1 

L4 

0 
0 

0 

5  ti 

CO  >— 1 

0 

S 

3 
0 

0 

■a 
s  0. 

•s 

0 

2 

2 

0 

1  "2 

0 

W 

H 

w 

u 

hJ 

b* 

CH 

s 

m 

0 

g 

Jz; 

a 

18 

89. 

N 

1 

5437 

Dec.  12 

Dec.  13 

V.Bl't. 

V.  sl't. 

0.50 

3.65 

1.25 

.0004 

.0192  .0162 

.0030 

.29 

.0020 

.0001 

1  0.6 

1 

Odor,  vegetable  and  grassy. The  sample  was  collected  from  the  outlet  of  a  mill  pond  at  Lakeview. 

Microscopical  Examination. 

'DKdAomo.cex:,  AiiterioneUa,'^;  Ceratoneis.l;  Epithemia,  l;  3felosira,  T ;  JVaricula,!;  Synedra,  i. 
A\gK,  Sfiiiirastrum,  2.  Infnsovia.,  Dijiobri/on, '[2;  Jfoiuis,  pr.;  Peridinium,\.  VermeB,  Sijiic/iceta,  pi; 
Total  organisms,  37. 
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frames^gham. 

Water  Supply  of  Feamingham. — Framingham  Water  Company. 

Chemical  Exmnination  of  Water  from  the  Filter-  Gallery  of  the  Framingham 

Water  Gotnpany. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

3 

§1 

=  > 

Ammonia. 

'u 

o 

Nitrogen 
as 

3 

3 

c 
1  E 

>. 
S 
€ 

S 
■3 

o 

6 

!2 

1 

•1 

^      1 

'A 

U 

S 

H 

w 

O 

Eh 

< 

Q 

'A 

Izi 

w    ' 

IS 

89. 

4771 

June    4 

June 

5 

Very  slight. 

None. 

0.0 

- 

.0014 

.0042 

.57 

.0280 

.0003 

_ 

4898 

July    1 

July 

2 

None. 

Very  slight. 

0.0 

- 

.0016 

.0064 

_ 

.0250 

.0001 

_ 

5024 

Aug.   5 

Aug. 

6  ;i  None. 

None. 

0.0 

- 

.0026 

.0066 

.60 

.0250 

.0001 

_ 

5123 

Sept.  3 

Sept. 

4  j.  None. 

Very  slight. 

0.0 

- 

.0044 

.0092 

.60 

.0300 

.0014 

_ 

5218 

Oct.     2 

Oct. 

3; 

Slight. 

Consider'ble. 

0.0 

- 

.0020 

.0046 

.62 

.0500 

.0002 

_ 

5303 

Nov.    4 

Nov. 

5 

Very  slight. 

Slight. 

0.0 

- 

.0016 

.0032 

.62 

.0480 

.0001 

_ 

5392 

Dec.    2 

18 

Dec. 
90. 

3 

Very  slight. 

Very  slight. 

0.0 

" 

.0024 

.0032 

.59 

.0500 

.0001 

~ 

5491 

Jan.     2 

Jan. 

3 

None. 

Very  slight. 

0.0 

_ 

.0012 

.0030 

.64 

.0700 

.0001 

_ 

5586 

Feb.    3 

Feb. 

4 

None. 

None. 

0.0 

_ 

.0006 

.0004 

.63 

.0800 

.0000 

_ 

5741 

Mar.    4 

Mar. 

5 

None. 

Very  slight. 

0.0 

_ 

.0014 

.0012 

.61 

.0520 

.0000 

_ 

5838 

Apr.    1 

Apr. 

2 

Very  slight. 

Very  slight. 

0.0 

.0010 

.0008 

.67 

.0900 

.0000 

- 

5935 

May    1 

May 

2 

Very  slight. 

Blight. 

0.0 

.0032 

.0070 

.64 

.0150 

.0001 

- 

6034 

June    3 

June 

4 

Very  slight. 

Very  slight. 

0.0 

6.40 

.0024 

.0034 

,   .66 

.05.50 

.0002 

- 

6157 

July    1 

July 

2 

None. 

Very  slight. 

0.0 

111.70 

.0028 

.0042 

!   .61 

.0400 

.0002 

2.9 

6351 

Aug.   4 

Aug. 

5 

None. 

None. 

0.0 

6.10 

.0002 

.0104 

.70 

.0100 

.0007 

3.0 

6462 

Sept.  2 

Sept. 

3 

Very  slight. 

Slight. 

0.0 

6.00 

.0042 

.0064 

.70 

.0450 

.0000 

3.1 

6547 

Oct.     1 

Oct. 

2 

None. 

None. 

0.0 

6.25 

.0026 

.0034 

.67 

.0600 

.0001 

3.1 

6683 

Nov.    3 

Nov. 

4 

Very  slight. 

Very  slight. 

0.0 

6.55 

.0026 

.0028 

.67 

.1200 

.0002 

3.1 

6769 

Dec.    1 

Dec. 

' 

Very  slight. 

Shght. 

0.0 
0.0 

6.65 

.0022 

i 

.0034 

.63 

.1200 

.0001 

3.1 

Av.. 

6.32 

.0021 

.0044 

.63 

.0533 

.0002 

3.0 

Odor,  none;   rarely  disagreeable. The   samples   were   collected   from  the   filter-gallery.     For 

analysis  of  water  from  a  dead  end  see  Sherborn,  Reformatory  Prison  for  Women.    For  analyses  of 
water  from  Farm  Pond  see  Boston. 


Microscojncal  Examination, 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890.               I 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination 

1 

3 

6 

6 

- 

- 

8 

4 

5 

5 

Number  of  sample,       .... 

-     4898 

5024 

5123 

5218 

- 

5392 

5491 

5586 

5741 

PLANTS. 

Cyanophycese.    Oscillaria, 

- 

0 

0 

0 

0 

- 

0 

0 

0 

0 

Fungi, 

- 

29 

3 

2 

36 

- 

4 

2 

0 

0 

Crenothris 

Leptothrix 

- 

4 
25 

3 
0 

2 
0 

36 
0 

- 

4 
pr. 

2 
0 

0 
0 

0 
0 

Total  Organisms,    . 

- 

■     29 

3 

2 

36 

- 

4 

2 

0 

0 
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FRAMINGHAM. 

Microscopical  Examination  —  Concliided. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

2 

3 

7 

2 

6 

3 

2 

4 

2 

Number  of  sample 

5838 

5935 

6034 

6157 

6351 

6462 

6547 

6683 

6769 

PL^iNTS. 

Cyanophycese.    Oscillaria, 

0 

0 

0 

0 

0 

0 

0 

0 

75 

Fungi, 

1 

0 

120 

63 

pr. 

26 

3 

pr. 

3 

Grenothrix 

Leptothrix 

1 
0 

0 
0 

120 
0 

4 
59 

pr. 
0 

26 
0 

3 
0 

pr. 
0 

3 
0 

Total  Organisms, 

1 

0 

120 

63 

0 

26 

3 

0 

78 

Chemical  Exam^ination  of  Water  from,  Bannister  Brook  in  Framingham. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

6 

c 

o 

S 

OS 

1 

o 

"3 

c 
.2 

Albuminoid.       | 

1 

.2 

u 

3 

■s 

> 
o 

0) 

1  c 

ca 

a 
■a 

'A 

o 

W 

H 

tB 

O 

H 

h^ 

fe 

5 

03 

U 

iz; 

'A 

a 

18  89. 

4920 

July    8 

July    9 

Slight. 

Heavy. 

3.30 

10.85 

5., 50 

.0012 

.0466 

.0406 

.0060 

.21 

.0050 

.0000 

2.1 

4921 

July    8 

July    9 

Dist't. 

Cons. 

3.50 

9.50 

5.00 

.0010 

.0436 

.0358 

.0078 

.26 

.0060 

.0000  ' 

1.7 

5089 

Aug.  21 

Aug.  22 

V.sl't. 

Cons. 

2.50 

- 

- 

.0012 

.0432 

.0384 

.0048 

.26 

.0050 

.0001 

- 

5199 

Sept.  23 

Sept.  24 

V.sl't. 

Slight. 

3.30 

_ 

.0020 

.0396 

.0358 

.0038 

.34 

.0090 

.0000 

- 

5284 

Oct.  29 

Oct.   30 

V.sl't. 

V.sl't. 

1.10 

- 

.0038 

.02.54 

- 

.64 

.0040 

.0001 

3.2 

5306 

Nov.    5 

Nov.    6 

V.sl't. 

Slight. 

2.30 

_ 

_ 

.0052 

.0276 

.0262 

.0014 

.38 

.0070 

.0001 

- 

5404 

Dec.    3 

Dec.    4 

V.sl't. 

Slight. 

1.50 

_ 

_ 

.0060 

.0246 

.0216 

.0030 

.29 

.0130 

.0001 

_ 

5446 

Dec.  16 
18 

Dec.  17 
90. 

V.sl't. 

Slight. 

1.10 

" 

" 

.0050 

.0216 

.0196 

.0020 

.32 

.0080 

.0001 

' 

5504 

Jan.     6 

Jan.     7 

None. 

Cons., 
eaithv. 

1.20 

- 

- 

.0006 

.0182 

.0154 

.0028 

.31 

.0150 

.0001 

- 

5571 

Jan.  29 

Jan.  30 

Slight. 

Much. 

1.40 

- 

- 

.0016 

.0234 

.0168 

.0066 

.33 

.0200 

.0001 

- 

5653 

Feb.  13 

Feb.  14 

Slight. 

Slight 

1.10 

- 

- 

.0014 

.0192 

.0154 

.0038 

.31 

.0100 

.0000 

- 

5763 

Mar.  11    Mar.  12 

V.Pl't. 

Cons. 

1.00 

- 

- 

.0004 i. 0188 

.0152 

.0036 

.26 

.0150 

.0001 

- 

5936 

May    1 

May     2 

Slight. 

Cons. 

2.30 

- 

.0008 

.0278 

.0238 

.0040 

.19 

.0040 

.0000 

- 

6028 

June    2 

June    3 

Slight. i  Cons. 

3.00 

5.90 

2.85 

.0024 

.0.372 

.0312 

.0060 

.30 

.0200 

.0000 

- 

61.58 

July    1 

July     2 

V.sl't.j  Slight. 

1.30 

6.00 

_ 

.0030 

.0286 

.0272 

.0014 

.26 

.0025 

.0002 

1.6 

6353 

Aug.   4 

Aug.    5 

Shghl. 

Cons. 

1.30 

1    6.25 

2.60 

.0046 

.0354 

.0304 

.0050 

.42 

.0120 

.0003 

2,1 

6466 

Sept.  2 

Sept.  3 

Slight. 

Cons. 

1.00 

6.00 

1.50 

.0048 

.0252 

.0234 

.0018 

.44 
.31 

.0150 

.0001 

2.3 

Av. 

1.89 

7.70 

3.49 

.0026 

.0300 

.0260 

.0040 

.0100 

.0001 

?  ? 

1 

Odor,  vegetable. The  samples  were  collected  from  the  brook  below  the  field  used  for  the  disposal 

of  the  Framingham  sewage,  generally  at  the  first  road  crossing  below  the  field.  No.  4920  was  collected 
about  half-way  between  the  field  and  the  road.  The  brook  was  very  high  on  account  of  rain  at  the  times 
when  samples  numbered  5089,  5199  and  5404  were  collected.  Sewage  was  first  pumped  to  the  field  in  the 
latter  part  of  1S89. 
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FRAMINGHAM. 

Microscojtical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

July. 

July. 

Aug. 

Sept. 

Oct. 

-  Nov. 

Dec. 

Dec. 

Day  of  examination, 

Number  of  sample 

10 
4920 

10 
4921 

23 

5089 

26 
5199 

5284 

5306 

4 
5404 

17 

5446 

PLANTS. 
DiatomacesB,     .... 

Meridion 

Navicula,      ..... 
Synedra 

Algse.    Chlorococcus,  . 

Fungi.    Crenothrix, 

3 

0 
0 
3 

12 

76 

pr, 

0 

pr. 

0 

335 

13 

1 

0 

pr. 

1 

0 

143 

3 

0 
0 
3 

8 

41 

- 

- 

0 

0 
0 
0 

0 

2 

1 

0 
0 

1 

0 
2 

ANIMALS. 
Infusoria.    Euglena, . 

0 

9 

0 

0 

- 

- 

0 

0 

Total  Organisms, 

91 

357 

144             52 

- 

- 

2 

3 

1890. 

Jan. 

Feb. 

Feb. 

Mar. 

May. 

June. 

July. 

Aug. 

Sept. 

Day  of  examination, 

Number  of  sample 

8 
5504 

4 

5571 

15 
5653 

14 
5763 

5936 

5 

6028 

2 
6158 

6 
6353 . 

3 

6466 

PLANTS. 
Diatomacese,      .... 

Meridion, 

Navicula 

Synedra, 

Algse.    Chlorococcus,   . 

Fungi.     Crenothrix, 

10 

2 
4 
4 

1 

6 

3 

2 

pr. 

1 

0 

4 

6 

2 
1 
3 

0 

5 

12 

5 
1 
6 

0 

5 

9 

1 
0 

8 

0 
5 

4 

pr. 

0 
4 

1 

3 

1 

0 

pr. 

1 

0 

103 

pr, 

0 
pr. 
pr. 

0 

76 

0 

0 
0 
0 

0 

42 

ANIMALS. 
Infusoria.    Euglena,  . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms, 

17 

7 

11 

17 

14 

8 

104           76 

42 
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FRAMHSTGHAM. 

Chemical  Examination  of  Water  from  the  Under  drain,  of  the  Framingham 

Sewerage  System. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

§1 
1 

1    Ammonia. 

o 

Nitrogen 

AS 

_o 

3 

at 

is 

3 

1 

33 

o 

6 

6 

•3. 
o 

< 

g 

03 

M71 

18 

Oct.  22 

89. 

Oct.  23 

Slight. 

Consider'ble. 

0.00 

19.70 

.0800 

.0080 

3.73 

.4750 

.0045 

6.& 

5547 

18 

Jan.  20 

90. 

Jan.  21 

Slight.            IConsider'ble. 

0.00 

17.70 

.1040 

.0080 

3.82 

.6500 

.0021 

- 

5654 

Feb.  13 

Feb.  14 

Vej-y  slight. 

Slight. 

0.00 

18.45 

.0900 

.0070 

3.54 

.3750 

.0021 

- 

5764 

Mar.  11 

Mar.  12 

Very  slight. 

Consider'ble. 

0.00 

16.85 

.0960 

.0100 

3.62 

.5000 

.0019 

- 

5839 

Apr.   1 

Apr.    2 

Very  slight. 

Slight. 

0.00 

17.45 

.0680 

.0050 

2.44 

.4500 

.0015 

- 

5937 

May    1 

May     2 

Very  slight. 

Slight. 

0.00 

- 

.0640 

.0080 

3.20 

.5000 

.0022 

- 

6027 

June   2 

June   3 

Very  slight. 

Slight. 

0.00 

16.70 

.0800 

.0040 

3.44 

.6250 

.0027 

- 

a 

June  16 

June  18 

Very  slight. 

Consider'ble. 

0.05 

18.95 

.0560 

.0060 

3.34 

.6500 

.0025 

9.1 

6159 

July    1 

July    2 

Slight. 

Consider'ble. 

0.00 

20.05 

.0910 

.0120 

3.52 

.4545 

.0054 

8.7 

b 

July  26 

July  28 

Very  slight. 

Consider'ble. 

0.03 

28.20 

.0600 

.0100 

3.68 

.5500 

.0042 

S-S- 

6354 

Aug.   4 

Aug.   5 

Very  slight. 

Consider'ble. 

0.00 

22.00 

.0600 

.0080 

3.79 

.4545 

.0043 

8,0 

6380 

Aug.   8 

Aug.  9 

Slight. 

Consider'ble. 

0.00 

23.00 

.0648 

.0058 

3.62 

.6000 

.0036 

7.0 

c 

Aug.  14 

Aug.  15 

Slight. 

Consider'ble. 

0.03 

20.10 

.0600 

.0070 

3.59 

.6000 

.0031 

8.8 

6467 

Sept.   2 

Sept.  3 

Slight. 

Consider'ble. 

0.00 

24.20 

.0640 

.0070 

3.70 

.5000 

.0030 

7.6 

a 

Sept.  15 

Sept.  16 

Slight. 

Slight. 

0.04 

24.40 

.0680 

.0060 

3.62 

.5750 

.0025 

- 

e 

Oct.  14 

Oct.  15 

Very  slight. 

Slight. 

0.03 

21.00 

.1000 

.0050 

3.85 

.5500 

.0027 

8.2 

f 

Nov.  17 

Nov.  18 

Very  slight. 

Slight. 

0.02 

20.30 

.0950 

.0070 

3.75 

.6000 

.0021 

8.7 

9 

Dec.  15 

Dec.  16 

None. 

Slight. 

0.02 

19.60 

.1000 

.0080 

3.59 

.5500 

.0025 

8.6 

An. 

0.01 

20.21 

.0778 

.0073 

3.55 

.5366 

.0029 

8.4 

Odor,  generally  musty  and  disagi-eeable. The  samples  were  collected  from  the  underdrain   of 

the  Framingham  sewerage  system  at  the  northerly  side  of  Waverley  Street,  near  the  pumping-station. 
No.  5271  was  collected  before  any  sewage  was  admitted  to  the  sowers. 


Microscoiiical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

Oct. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Aug. 

Sept. 

Day  of  examination,  . 
Number  of  sample,     . 

5271 

22 
5547 

15 
5654 

14 
5764 

2 
5839 

3 
5937 

4 
6027 

2 

6159 

6 
6354 

9 
6380 

3 

6467 

PLANTS. 
Fungi.    Crenothrix, 

- 

*3,000 

*1,500 

*900 

80 

*10 

35 

0 

*1,500 

*400' 

65 

*  Estimated. 
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FRAMINGHAM. 

Chemical  Examination  of  Water  from  Wells  at  the  Framingham  Normal  School. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

c 
o 

O  Id 

c  > 

Ammonia. 

o 

5 

Nitrogen 

AS 

■I- 

5 

a 

S 

-   el 

ci-S 

1 

u 

o 
o 

fe  . 

•6 
"S 

< 

1 

3 

18 

89. 

4998 

July  30 

Aug.    1 

None. 

Slight. 

0.0 

10.20 

.0004 

.0074 

1.40 

.0350 

.0000 

5.1 

4999 

July  30 

Aug.    1 

None. 

None. 

0.0 

7.10 

.0000 

.0018 

0.80 

.1400 

.0004 

3.4 

5000 

July  30 
18 

Aug.    1 
90. 

None. 

Slight. 

0.0 

4.65 

.0000 

.0028 

0.41 

.0200 

.0000 

1.6 

5543 

Jan.   17 

Jan.  18 

Slight. 

Very  slight. 

0.0 

16.40 

.0000 

.0038 

3.30 

.0100 

.0000 

7.3 

5544 

Jan.  17 

Jan.  18 

None. 

Slight. 

0.0 

4.00 

.0000 

.0016 

0.51 

.0040 

.0000 

2.1 

6545 

Jan.  17 

Jan.  18 

None. 

None. 

0.0 

6.60 

.0000 

.0026 

0.83 

.0400 

.0000 

2.3 

5914 

Apr.  29 

Apr.  30 

Very  slight. 

Slight. 

0.0 

4.60 

.0002 

.0028 

0.54 

.0200 

.0000 

2.5 

Odor,  very  faint  or  none. Samples  4998  and  5543  were  collected  from  the  well  in  the  rear  of 

Normal  Hall.  Samples  numbered  5000,5544  and  5914  were  collected  from  the  tubular  wells  near  the 
windmill.  Sample  No.  4999  was  collected  from  the  pump  connected  with  a  well  under  the  foundation 
of  May  Hall.  Sample  No.  5545  was  collected  from  the  piimp  at  the  engineer's  house,  near  the  sewage- 
disposal  area  of  the  school. 

Microscopical  Examination. 

Nos.  4998,  4999,  5000,  5543  and  5545.    No  organisms.    No.  5544.   Fungi,  Grenothrix,  1,000  (estimated) . 
No.  5914.    Not  examined. 

Water  Supply  of  Gloucester.  —  Gloucester  Water  Company. 

Chemical  Examination  of  Water  from  Dike^s  Brook  Storage  Reservoir. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

a 
o 

S 

_o 

3 
s 

1 

S 

o 

,9 
o 

Albuminoid. 

"C 

B 

3 

3 

-3 

•a 
1  c 

3  Pi 

1 

*A 

o 

H 

H 

m 

o 

H 

i-I 

u 

H 

|25 

!/i 

o 

!? 

s 

a 

18 

89. 

4797 

June    6 

June    7 

V.sl't. 

V.sl't. 

0.30 

_ 

_ 

.0044 

.0176 

.0140 

.0036 

.75 

.0020 

.0002 

- 

4926 

July    9 

July  10 

Dist't. 

He'vy. 

0.40 

_ 

_ 

.0158 

.0258 

.0186 

.0072 

_ 

.0030 

.0000 

- 

503S 

Aug.    7 

Aug.    7 

Dist't. 

He'vy. 

0.90 

_ 

_ 

.0198 

.0358 

.0222 

.0136 

_ 

.0020 

.0000 

- 

5151 

Sept.   9 

Sept.  10 

Slight. 

Very 
heavy. 

2.50 

- 

- 

.0226 

.0344 

.0272 

.0072 

- 

.0030 

.0001 

- 

5238 

Oct.     9 

Oct.     9 

V.sl't. 

None. 

0.65 

- 

- 

.0088 

.0220 

.0192 

.0028 

- 

.0070 

.0004 

- 

5321 

Nov.    7 

Nov.    8 

V.sl't. 

V.sl't: 

0.70 

_ 

_ 

.0122 

.0218 

.0196 

.0022 

_ 

.0080 

.0001 

- 

5415 

Dec.     4 
18 

Dec.    5 
90. 

V.sl't. 

V.sl't. 

0.40 

" 

" 

.0032 

.0204 

.0178 

.0026 

" 

.0070 

.0002 

5503 

Jan.     6 

Jan.     7 

Slight. 

V.sl't. 

0.60 

_ 

- 

.0002 

.0242 

.0150 

.0092 

._ 

.0060 

.0000 

- 

5601 

Feb.    6 

Feb.     7 

V.sl't. 

Slight. 

0.40 

- 

- 

.0006 

.0176 

.01.36 

.0040 

- 

.0120 

.0001 

■  - 

5751 

Mar.    5 

Mar.    6 

V.sl't. 

V.sl't. 

0.40 

_ 

- 

.0000 

.0138 

.0112 

.0026 

.77 

.0060 

.0000 

- 

5852 

Apr.    7 

Apr.    8 

V.sl't. 

V.sl't. 

0.30 

- 

- 

.0006 

.0184 

.0152 

.0032 

.71 

.0030 

.0000, 

- 

5948 

May     6 

May     7 

Slight. 

V.sl't. 

0.30 

_ 

- 

.0008 

.0160 

.0130 

.0030 

.69 

.0030 

.0000 ; 

- 

6047 

June    5 

June    6 

V.sl't. 

V.sl't. 

0.30 

- 

- 

.0034 

.0120 

.0116 

.0004 

.73 

.0020 

.0004 

- 

6224 

July  14 

July  15 

Slight. 

Cons. 

0.50 

4.30 

_ 

.0090 

.0178 

.0146 

.0032 

.71 

.0000 

.0000 

0.8 

6370 

Aug.    6 

Aug.    6 

V.sl't. 

V.sl't. 

0.35 

4.55 

1.50 

.0144 

.0226 

.0172 

.0054 

.72 

.0035 

.0000 

1.6 

6477 

Sept.   8 

Sept.   9 

V.sl't. 

V.sl't. 

0.60 

5.20 

1..50 

.0002 

.0228 

.0176 

.0052 

.76 

.0060 

.0001 

1.8 

6568 

Oct.     7 

Oct.     8 

Slight.  SliKht. 

0.50 

3.70 

1.40 

.0058 

.0174 

.0152 

.0022 

.67 

.0080 

.0002  1 

o.y 

6747 

Nov.  22 

Nov.  24 

None. 

V.sl't. 

0.65 

4.05 

1.65 

.0132 

.0200 

.0190 

.0010 

.76 

.0150 

.0001 

1.1 

6793 

Dec.    8 

Dec.    9 

V.sl't. 

None. 

0.60 

4.35 

1.55 

.0098 

.0252 

.0228 

.0024 

.75 
.73 

.0200 

.0000 

0.9 

Av. 

0.60 

4.37 

1.52 

.0076 

.0213 

.0171 

.0042 

.0062 

.0001 

1  '> 

Odor,  distinctly  vegetable,  frequently  disagreeable.  ■ 
at  the  puraping-station,  while  pumping. 


■  The  samples  were  collected  from  a  faucet 
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GLOUCESTER. 

^    Microscoxncal  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Day  of  examination, 
Number  of  sample, 

10 

4797 

11 
4926 

7 
5038 

10 
5151 

10 

523S 

13 

5321 

5 
5415 

8 
5503 

8 
5601 

PLANTS. 
Diatomaceee,     .... 

Asterionella,         .... 
Sj'uedra 

Alg-ee 

Chlorococcus 

Closterium, 

Ccelastrum,  ..... 
Cosmarium,          .... 
Zoospores, 

Fungi.    Creuotlirix,     . 

0 

0 
0 

3 

3 
0 
0 
0 
0 

2 

0 

0 
0 

0 

0 
0 
0 
0 
0 

27 

0 

0 
0 

0 

0 
0 
0 
0 
0 

472 

0 

0 
0 

0 

0 
0 
0 
0 
0 

910 

0 

0 
0 

41 

41 
0 

^'o 

0 
0 

2 

2 
0 

35 

31 
4 

0 
0 
0 

13 

0 

0 
0 

0 

0 
0 

0 
0 

0 

0 
0 

25 

0 
15 

0 
2 

8 

2 

0 

0 
0 

13 

0 

11 

0 
0 
2 

pr. 

ANIMALS. 
Infusoria, 

Monas, 

Peridinium,           .... 
Traclielomonas 

Rhizopoda.     Arcella, 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

2 

0 
0 

2 

o" 

pp. 

0 

0 

pr. 

0 

6 

0 

6 
pr. 

0 

109 

0 

107 
2 

0 

16 

14 
2 
0 

0 

Total  Organisms, 

5 

27 

472 

910 

43 

50 

6 

136 

29 

1890. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination 

7 

8 

6 

7 

16 

6 

9 

8 

24 

9 

Number  of  sample,       .... 

5751 

5852 

5948 

6047 

6224 

6370 

6477 

6568 

6747 

6793 

PLANTS. 

Diatomacese 

pr. 

0 

7 

pr. 

0 

371 

238 

0 

5 

37 

Asterionella 

Syuedra 

0 
pr. 

0 
0 

4 
3 

pr. 
0 

0 
0 

371 
0 

0 
238 

0 
0 

1 
4 

0 
37 

Algae 

103 

78 

27 

266 

312 

0 

0 

3 

12 

28 

Chlorococcus 

Closterium 

Ca'laatrum, 

Cosmarium, 

Zoospores 

3 

100 

0 

0 

pr. 

49 

29 

0 

0 

0 

6 
21 
0 
0 
0 

265 

1 
0 
0 
0 

304 
0 
8 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

3 
0 
0 
0 
0 

8 
0 
2 
2 
0 

3 
0 
0 
20 
5 

Fungi.    Crenothrix, .... 

pr. 

6 

0 

« 

1,392 

0 

17 

2 

3 

12 

,_. 
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GLOUCESTER. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Infusoria, 

g 

29 

22 

4 

28 

11 

0 

0 

4 

4 

Monas,       .        .        ,         .        . 

Peridinium 

Trachelomonas,        .... 

0 
9 
0 

0 

29 

0 

0 
20 

2 

0 
0 
4 

0 
0 

28 

0 

0 

11 

0 
0 
0 

0 
0 

0 

0 

4 

pr. 

0 

4 

pr. 

Khizopoda.    Arcella,     . 

0 

0 

0 

0 

6 

0 

0 

•0 

0 

0 

Total  Oeganisms,     . 

112 

113 

56 

270 

1,738 

382 

255 

5 

24 

81 

Pliemical  Examiyiation  of  Water  from  Wallace  Fond. 

[Parts-per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

. 

1 

A 

Albuminoid. 

a 

o 

S-2 

3 

1 

^ 

"3 

\% 

^ 

-S 

■o 
p 

•a 

1  ^ 

1 

1 

V 

O 

W 

03 

CJ     1 

yA 

fc< 

^ 

a  . 

CO 

o 

2! 

z; 

w 

18 

90. 

6690 

Nov.   5 

Nov.   6 

V.  sl't. 

V.  sl't. 

0.6 

5.60 

1.95 

.0030 

.0242 

.0226 

.0016 

.91 

.0200 

.0001 

1.11 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  pumping-station  at  a  time  when 

water  was  being  drawn  from  Wallace  Pond. 

Microscopical  Examination, 

Cyanophycese,  Chrnococcus,  6.    Algte,  Chlorococcus,  9.    Fungi,  Crenothrix,  pr.    Infusoria,  Trathel- 
omonas,  pr.    Total  organisms,  15. 


Chemical  Examination  of  Water  from  Aleivife  Brook  in  Gloucester. 

[Parts  per  100,000.] 


Odor,  very  faintly  vegetable. The  sample  was  collected  from  Alewife  Brook,  near  the  point 

where  it  is  crossed  by  the  first  street  in  Gloucester. 

Microscopical  Examiyiation. 

Diatomaceae,  Ceratoneis,  pr. ;   iCeridion,  2;   Synedra,  3.    Alga;,   Chlorococcus,  3.    Fungi,  Creno- 
v'hrix,  pr.    Infviaona,  Ciliated  in/usorian,  1;  Dinobryon,o;  Peridinium,!.    Total  organisms,  13. 
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haverhil,l. 

Water  Supply  of  Haverhill. — Haverhill  Aqueduct  Company. 

(Jhemical  Examinalion  of  Water  from  Kenoza  Lake,  Haverhill. 

[Parts  per  100,000.] 


Kesidueon 

NiTBOGEN 

Date  of 

Appeakakc 

E. 

Evapora- 
tion. 

Ammonia. 

S 

AS 

_o 
o 

o 
3 

3 

Eh 

c 

1 

c 

o 
3 

o 

P 
o 

Albuminoid. 

^ 
g 

g 

1 

"3 
o 

H 

3 
5 

■3 

18|89. 

4864 

June  21   June  21 

V.  sl't. 

V.  sl't. 

0.05 

~ 

~ 

.0008 

.0142 

.0130 

.0012 

" 

.0030  .0000 

Odor,  none. The  sample  was  collected  from  a  faucet  at  the  pumping-station. 


Water  Supply  of  Hingham. — Hingham  Water   Company. 

Chemical  Examination  of  Water  from  Accord  Pond,  Hingham. 

[Parts  per  100,000.] 


Date  of 

Appearakce. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

S 

_^ 

i, 

r-  5 

Albuminoid. 

03 

i 

•6 

s 

s 

o 

s~ 

3 

S 

"3 

o 

d 

o 

,  c 

o 

g 

+j 

■5 

izi 

^ 

X 

a 

H 

M 

o 

o 

fe 

o 
Eh 

.22 

3  p. 

s 

g 

'^ 

18 

89. 

4816 

June  12 

June  12 

V.sl't. 

V.sl't. 

0.2 

- 

- 

.0004 

.0130 

.0100 

.0030 

.58 

.0050 

.0001 

~ 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  village. 

Microscopical  Examination. 

Diatomacete,  Melosira,  1;    Synedra,  pr.    Algffi,  Chlorococcus,  pr.     Fungi,  Crenothrix,  6.     Total 
organisms,  7. 

Chemical  Examination  of  Water  from  Fulling  Mill-2)07id. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

_. 

jj 

Albuminoid. 

u 

.a 

a 

'■*j 

3 

a 

u 

"3 

O  bD 

6 

"3 

-a 
3 

c 

« 

1 

a) 

c 

ta 

Iz; 

•  O 

a 

H 

tc 

U 

E-i 

a 

H 

Q 

CO 

O 

|Zi 

!zi 

18 

89. 

6130 

Sept.  3 

Sept.  4 

Dec'd. 

Slight. 

0.15 

- 

- 

.0002 

.0246 

.0152 

.0094 

.73 

.0030 

.0000 

~ 

Odor,  faintly  grassy. The  sample  was  collected  from  Fulling  Mill-pond,  near  the  dam. 

Microscoincal  Examination. 

Diatomaceae,  Melosira,  26;  Navicula,  7;  Synedra,  226.  Cyanophyceae,  Chroococcus,  27.  Algse, 
Chlorococcus,  1S5;  Desmidium,  2;  Micrasterias,  I;  Pediastrum,  7 ;  Polyedrium,  29;  Raphidiiim,  14; 
iScereec?(;.STOMs,  3;  5toMra«<rM?n,  2.  Infusoria,  J/owas,  pr. ;  Peridinium,?>b;  Trachelomoiias,  10.  Vermes, 
Rotatorian  ora,  i>Y.;   liotifer,  \)V.    Total  organisms,  624. 
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HriSrSDAX,]E. 

Water  Supply  of  Hinsdale  Fire  District,  Hinsdale. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale 

Fire  District. 

[Parts  per  100,000.] 


Odor,  none. The  sample  was  collected  from  the  middle  of  the  reservoir,  three  feet  below  the 

surface. 

Microscopical  Examination, 

'DisAoms.aex,  Asterionella,^;  Stephanodiscus,  2.    Infusoria,  Peric?inii<m,  45.    Total  organisms,  52. 


Water  Supply  of  Holyoke. 

Che^nical  Examination  of  Water  from  Wright  a^icl  Ashley  Ponds,  Holyoke. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidceon 
Evapora- 
tion. 

Ammonia. 

'2 

o 

3 

Nitrogen 

AS 

_S 

"3 
o 

S 

1 

■3 
CO 

o 

_3 
o 

i 

Albuminoid. 

"S 

g 

.Q 

a 

a 

o 

> 

5 

•6 
a  p. 

1 

ISjSO. 

4820 

June  11 

June  12 

Slight. 

Slight. 

0.00 

- 

- 

.0034 

.0184 

.0144 

.0040 

.17 

.0020 

.0000 

- 

4955 

July  17 

July  18 

Slight. 

Slight. 

0.01 

- 

- 

.0034 

.0344 

.0294 

.0050 

- 

.0050 

.0001 

- 

5060 

Aug.  14 

Aug.  15 

V.sl't. 

V.sl't. 

0.00 

- 

- 

.0026 

.0186 

.0172 

.0014 

- 

.0000 

.0001 

- 

5180 

Sept.  16 

Sept.  17 

Slight. 

V.sl't. 

0.00 

- 

- 

.0020 

.0246 

.0204 

.0042 

- 

.0000 

.0000 

- 

5257 

Oct.  15 

Oct.  16 

V.sl't. 

Slight. 

0.03 

- 

- 

.0042 

.0200 

.0160 

.0040 

- 

.0020 

.0000 

- 

5347 

Nov.  13 

Nov.  14 

Dist't. 

Slight. 

0.05 

- 

- 

.0004 

.0186 

.0160 

.0026 

- 

.0030 

.0001 

- 

5423 

Dec.    9 
18 

Dec.  10 
90. 

V.sl't. 

V.sl't. 

0.05 

- 

- 

.0018 

.0226 

.0168 

.0058 

- 

.0050 

.0001 

- 

5524 

Jan.  13 

Jan.  14 

V.sl't. 

Slight. 

0.05 

- 

- 

.0016 

.0182 

.0132 

.0050 

- 

.0050 

.0000 

- 

5646 

Feb.  12 

Feb.  13 

Slight. 

Slight. 

0.00 

- 

- 

.0002 

.0270 

.0188 

.0082 

- 

.0040 

.0000 

- 

5970 

May  13 

May  14 

Slight. 

Cons. 

0.00 

- 

- 

.0014 

.0130 

.0116 

.0014 

.13 

.0020 

.0000 

- 

6630 

Oct.  22 

Oct.  23 

V.sl't. 

V.sl't. 

0.00 

5.00 

0.95 

.0050 

.0220 '.0168 

.0052 

.13 

.14 

.0080 

.0001 

3.5 

Av. 

0.02 

- 

- 

.0024 

.0216 

.0173 

.0043 

.0033 

.0000 

Odor,  generally  vegetable ;  occasionally  disagreeable. The  samples  were  collected  from  Wright 

Pond  near  the  gate-house,  with  the  exception  of  No.  4955,  which  was  collected  from  Ashley  Pond.    All 
samples  were  collected  near  the  surface. 
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HOLYOKE. 

Microscojjical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

May. 

Oct. 

Day  of  examination, 

13 

18 

15 

17 

17 

13 

9 

15 

15 

14 

23 

Number  of  sample,  . 

4820 

4955 

5060 

5180 

5257 

5347 

5423 

5524 

5646 

5970 

6630 

PLANTS. 

Diatomacese, 

2 

41 

7 

7 

88 

582 

332 

214 

22 

133 

50 

Asterionella, 

Melosira 

Stephanodiscus,   . 

Synedra 

Tabellaria,     .... 

0 

^'6 

0 

41 

0 

pr. 

0 

4 
3 
pr. 
0 
0 

0 
5 
0 
pr. 
2 

0 

66 

pr. 

15 

7 

7 
264 

9 
156 
146 

26 
224 
10 
19 
53 

44 

111 

18 

32 

9 

7 
6 
7 
2 
0 

59 
28 
14 
32 
pr. 

0 
33 
pr. 

2 
15 

Cyanopliycese,  . 

pr. 

.  0 

6 

59 

8 

8 

pr. 

1 

0 

0 

0 

Anabaena,      .... 

Clathrocystis, 

0 
pr. 

0 

0 

pr. 
6 

55 
4 

8 
0 

5 
3 

pr. 
0 

1 

0 

0 
0 

0 
0 

0 
0 

Algse, 

pr. 

29 

0 

19 

5 

51 

18 

6 

0 

4 

3 

Chlorococcus, 

Closterium 

pr. 

0 

29 
0 

0 
0 

19 
0 

0 
5 

43 
8 

18 
pr. 

6 
0 

0 
0 

4 
0 

0 
3 

Fungi.    Beggiatoa, 

0 

0 

0 

0 

0 

17 

0 

1 

0 

0 

0 

ANIMALS. 

Infusoria,     .... 

22 

0 

5 

2 

16 

167 

143 

191 

398 

45 

10 

Dinobryon 

Monas 

Peridinium,  .... 
Trachelomonas,    . 

pr. 

0 

22 

pr. 

0 
0 
0 
0 

5 

0 

0 

pr. 

0 
0 
0 

2 

12 

pr. 

0 

4 

166 

pr. 

0 

1 

141 

2 

189 
0 
2 
0 

"398 

0 

pr. 

pr. 

44 
0 

1 
0 

10 
0 
0 
0 

Vermes.    Polyarthra,  . 

0 

0 

0 

0 

pr. 

1 

0 

0 

0 

2 

0 

Total  Organisms, 

24 

70 

18 

87 

117 

826 

493 

413 

420 

184 

63 

Chemical  Examination  of  Water  from  a  Faucet  in  Jffolyoke,  supplied  from  the 

Holyoke  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

c 

'u 

0 

Nitrogen 

AS 

S 
t5 

_S 

C3 

1 

u 
0 

« 

5 
eg, 

Albuminoid. 

1 

*C 

.a 

a 

"3 

> 
0 

i 
1  = 

1 

U 

W 

£-1 

02 

0 

H 

1-1 

■  fci 

H 

a 

03 

d 

tz; 

n 

18 

90. 

5765 

Mar.  11 

Mar.  12 

Dist't. 

Cons. 

0.10 

- 

- 

.0004 

.0156 

.0104 

.0052 

.13 

.0040 

.0000 

- 

5864 

Apr.   9 

Apr.  10 

V.sl't. 

Slight. 

0.05 

- 

- 

.0006 

.0124 

.0094 

.0030 

.12 

.0040 

.0000 

- 

6738 

Nov.  19 

Nov.  20 

Slight. 

Cons., 
fibr'us. 

0.20 

5.60 

1.20 

.0010 

.0176 

.0140 

.0036 

.12 

.0150 

.0001 

3.5 

Odor,  vegetable;  somewhat  unpleasant. The  samples  were  collected  from  a  faucet  on  Elm 

Street. 
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HOLYOKE. 

Microscopical  Examinatioii. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


Day  of  examination, . 

Number  of  sample 

PLANTS. 
Diatomacese,      .       .       .       . 

Asterionella 

Melosira, 

Navicula, 

Nitzchia,         .         .        .      '  . 

Stephanodiscus 

Synedra, 

Tabellaria, 

Cyanophycese,   .       .       .       . 

Microcystis 

Oscillaria, 

Algae, 

Chlorococcus,        .        .        .        . 
Closterium, 

Fungi, 

Crenothrix 

Leptothrix, 

ANIMALS. 
Infusoria, 

Ciliated  infusorian, 

Dinobryon, 

Monas, 

Peridinium, 

Trachelomonas,    .        .        .        . 

Vermes.    Notommata, 
Total  Organisms,  . 


14 

5765 


11 

5864 


21 

6738 


23 


699 

298 

206 

3 

7 

3 

56 

126 


34 


773 
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HUDSOjST. 


Water  Supply  of  Hudson. 

Chemical  Examination  of  Water  from  Gates  Pond,  in 

[Parts  per  100,000.] 


Berliii. 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

0 
5 

Nitrogen 

AS 

c 
o 

t5 
o 

,1 

>> 
3 

1 

c 

"o 
O 

S 

P 
o 

£ 

Albuminoid.       | 

1 

?, 

a 
1 

■3 
0 

i 
> 
0 

■§ 

CO 

C3 

18  S9. 

4832 

June  13 

June  14 

Slight. 

Slight. 

0.00 

- 

- 

.0000 

.0164 

.0146 

.0018 

- 

.0030 

.0006 

- 

4932 

July  10 

July  11 

V.sl't. 

V.sl't. 

0.10 

- 

- 

.0000 

.0214 

.0170 

.0044 

- 

.0000 

.0001 

- 

5081 

Aug.  20 

Aug.  21 

Slight. 

Slight. 

0.05 

- 

- 

.0016 

.0200 

.0168 

.0032 

- 

.0090 

.0000 

- 

5164 

Sept.  11 

Sept.  11 

Slight. 

Slight. 

0.02 

- 

- 

.0000 

.0192 

.0134 

.0058 

- 

.0050 

.0001 

- 

5234 

Oct.     8 

Oct.     9 

Slight. 

Slight. 

0.00 

- 

- 

.0008 

.0280 

.0102 

.0178 

- 

.0030 

.0000 

- 

5337 

Nov.  12 

Nov.  13 

Slight. 

Cons. 

0.10 

- 

- 

.0088 

.0370 

.0340 

.0030 

- 

.0030 

.0000 

- 

5353 

Nov.  18 

Nov.  19 

Slight. 

Cons. 

0.05 

- 

- 

.0066 

.0170 

.0132 

.0038 

- 

.0050 

.0001 

- 

5431 

Dec.  10 

Dec.  11 

Slight. 

Cons. 

0.00 

- 

- 

.0080 

.0188 

.0146 

.0042 

- 

.0030 

.0000 

- 

18  90. 

5566 

Jan.  24   Jan.  25 

Slight. 

Slight. 

0.00 

- 

- 

.0062 

.0166 

.0122 

.0044 

- 

.0060 

.0001 

- 

5676 

Feb.  14!  Feb.  15 

1 

V.sl't 

V.sl't. 

0.00 

- 

- 

.0042 

.0086 

.0080 

.0006 

- 

.0070 

.0000 

- 

5761 

Mar.  10 

Mar.  11 

V.sl't. 

V.sl't. 

0.03 

- 

- 

.0050 

.0116 

:0094 

.0022 

.22 

.0030 

.0000 

- 

5877 

Apr.  10 

Apr.  11 

\  Slight. 

Slight. 

0.00 

- 

- 

.0036 

.0132 

.0088 

.0044 

.21 

.0060 

.0000 

- 

5967 

May  13   May  14 

Slight 

Cons. 

0.00 

- 

- 

.0028 

.0150 

.0122 

.0028 

.21 

.0020 

.0001 

- 

6071 

June  16 

June  18 

Slight 

V.sl't 

0.00 

- 

- 

.0002 

.0168 

.0124 

.0044 

.19 

.0030 

.0000 

- 

6227 

July  15 

July  15 

Slight. 

Slight 

0.02 

2.95 

- 

.0002 

.0180 

.0132 

.0048 

.19 

.0010 

.0001 

\  1-1 

6418 

Aug.  19 

Aug.  19 

V.  sl't 

Slight 

0.00 

3.25 

1.40 

.0000 

.0174 

.0142 

.0032 

.24 

.0040 

.0000 

1.4 

6490 

Sept.  10 

Sept.  10 

Slight 

Slight 

0.03 

2.50 

0.60 

.0000 

.0170 

.0140 

.0030 

.21 

.0140 

.0000 

1.4 

6579 

Oct.     9 

Oct.  10 

Slight 

Slight 

0.10 

2.40 

0.85 

.0008 

.0166 

.0134 

.0032 

.19 

.0080 

.0001 

;  ^-1 

6702 

Nov.  10 

Nov.  11 

Slight 

Cons. 

0.00 

2.55 

1.00 

.0014 

.0182 

.0112 

.0070 

.22 

.0030 

.0000 

1.1 

6813 

Dec.  11 

Dec.  11 

SHght 

V.sl't 

0.02 

3.40 

1.35 

.0028 

.0236 

.0198 

.0038 

.23 
.21 

.0080 

.0000 

1.4 

Av. 

0.02 

2.82 

1.04 

.0023 

.0175 

.0131 

.0044 

.0049 

.0001 

1."^ 

Odor,  generally  none,  occasionally  vegetable;    when  heated,  often  disagreeable. 
were  collected  from  the  pond. 


-The  samples 
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Microscopical  Examinatioji. 

[iSTumber  of  organisms  per  cubic  centimeter.] 


Day  of  esamination,     . 
Number  of  sample, 


PLANTS. 
Diatomacese, 

Asterionella,     . 
Melosira,  . 
Synedra,   . 
Tabellaria, 


Cyanophycese, 


Anabsena, 

Aphanocapsa, 

Clathrocystis, 

Chroococcus, 

Microcystis, 


Algse, 


Arthrodesmus, 

Clilorococcus, 

Gloeocystis, 

Raphidium, 

Spirotaenia, 

Staurastrum, 

Zoospores, 


14 
4832 


pr. 

0 

pr. 

0 

0 

1 

0 

9 

July. 


11 
4932 


pr. 


5081 


69 


22 

0 
22 
0 
0 
0 
pr. 
0 


Sept. 


12 
5164 


pr. 
0 
4 
0 
0 


10 
5234 


149 


107 

1 

35 


pr. 

4 
0 
2 
0 
0 
5 


14 
5337 


383 

114 
120 
15 
134 


24 


19 
5353 


11 
5431 


777 


464 
160 


30 


2,068 

1,756 

44 

0 

268 


ANIMALS. 
Rhizopoda.    Actinophrys, 


Infusoria, 


Ceratium, 

Ciliated  iufusoriau, 

Dinobryon, 

Monas, 

Peridinium, 

Trachelomonas, 


Vermes,    . 

An  urea,  . 
Polyarthra, 
Rotatorian  ova, 

Crustacea, 

Cyclops,  . 
Daphnia,  . 


0 

0 

pr. 


pr. 


0 

22 

0 
pr. 
7 
0 
15 
0 


pr. 


0 

29 

0 
1 
24 
pr. 
1 
3 


Total  Organisms, 


821 


2,106 
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Ilicroscojncal  Examination  —  Concluded. 

[!N"umber  of  organisms  per  cubic  centimeter.] 


Mar.    April.  May.    June.    July.     Aug.     Sept.     Oct.     Nov.     Dec 


Day  of  examination, 
Number  of  sample, 


12 
5761 


15 

5877 


14 

5967 


18 
6071 


16 
6227 


20 
6418 


11 

6579 


11 

3702 


12 

6813 


PLANTS. 
Diatomacese,  . 


Asterionella, 
Melosira,    . 
Synedra,    . 
Tabellaria, 


Cyanophycege, 


Anabsena, . 

Aphanocapsa, 

Clathrooystis, 

Chroococcus, 

Microcystis, 


Algse, 


Arthrodesmus, 

Chiorococcus, 

Gkeocystis, 

Raphidium, 

Spirotienia, 

Staurastrum, 

Zoospores, 


0    1,129 

1,093 

28 
pr. 


1 
0 
pr. 
0 
0 


227 

pr. 

159 
0 
0 

66 
2 
0 


102 

45 
23 

8 
26 

40 

33 
0 

0 
0 


pr. 
0 
1 
0 
0 


328 


140 
174 


595 

114 

448 

21 

12 


144 

0 
0 


38- 

2 

0 

36 

0 


ANIMALS. 
Khizopoda.    Actinophrys, 


Infusoria, . 

Ceratium, . 

Ciliated  infusorian, 

Dinobryon, 

Monas, 

Peridinium, 

Trachelomonas, 

Vermes,     . 

Anurea, 
Polyarthra, 
Rotatorian  ova, 

Crustacea, 

Cyclops,    . 
Daphnia,   . 


Total  Obganisms, 


0 

0 

0 

0 

0 

0 

1 

54 

31 

3 

2 

14 

50 

0 

0 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

0 

0 

53 

31 

2 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

0 

•  1 

pr. 

1 

0 

14 

17 

0 

pr. 

0 

0 

2 

pr. 

5 

0 

0 

0 

0 

2 

1 

1 

0 

0 

0 

0 

0 

0 

■  1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

pr. 

0 

pr. 

pr. 

pr. 

pr. 

pr. 

pr. 

0 

pr. 

pr. 

pr. 

pr. 

P""^ 

0 

0 

0 

0 

0 

pr. 

0 

54 

1,169 

244 

160 

72 

460 

63 

1 

0 

77 

710 

0 

0 

0 

0 

76 

70S 

0 

0 

1 

0 

0 

2 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

231 

1,458 

178 

0 
0 

178 
0 
0 
0 
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hyde  park. 

Water  Supply  of  Hyde  Park.  —  Hyde  Park  Water  Company. 

Chemical  Examination  of  Water  from  the  Tzcbula?-  Wells  of  the  Hyde  Park 

Water  Com2:)any. 

[Parts  per  100,000.] 


Date  OF 

Appearance. 

s 

Ammonia. 

Nitrogen 

AS 

r-    '•-* 

1 

5 

S 
S  § 

1 
re 

o 
o 

1^ 

'2 

'o 

1 
o 

S 

1 

g 

1 

c3 

1890. 

5604 

Feb.    7  1  Feb.    7 

None. 

None. 

0.00 

- 

.0002 

.0004 

- 

.0600 

.0001 

- 

6371 

Aug.  6 

Aug.   7 

None. 

Very  slight. 

0.03 

9.35 

.0010 

.0042 

.88 

.0500 

.0003 

4.2 

Odor,  none. The  samples  were  collected  from  a  faucet  in  the  pumping-station,  while  pumping. 


Microscopical  Examination. 

No.  5604.    Fungi,  Leptothrix,  pr.    No.  6371.    No  organisms. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Hyde 
Park  Water  Company. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

.72 

Nitrogen 

AS 

c 
o 

"S 

o 
O 

_5 
3-= 

1 

-4-S 

1 

!/2 

o 

Eh 

S 
o 

fa 

Albuminoid. 

1 

1 

1 

o 
.a 

a 

■3 
'0 

•6 

0 

s 

•6 
■a 

S  P. 

■5 

5605 
5606 
6372 

18 

Feb.    7 

Feb.    7 
Aug.  6 

90. 

Feb.    8 

Feb.    8 
Aug.   7 

Dist't. 
Dist't. 
V.sl't. 

V.  sl't. 
V.sl't. 
V.sl't. 

0.0 
0.0 
0.0 

8.05 

2.10 

.0004 
.0002 
.0010 

.0126 
.0138 
.0138 

.0024 
.0022 
.0108 

.0102 
.0116 
.0030 

.0520 
.0520 
.0150 

.0002 
.0001 
.0002 

3.9 

Odor,  Nos.  5605  and  5606,  none;  No.  6372,  disagreeable. The  samples  were  collected  from  the 

reservoir;  samples  numbered  5605  and  6372  at  the  surface,  and  5606  eight  feet  below  the  surface.  For 
analyses  of  the  water  of  the  reservoir  and  in  the  gate-house  in  the  summer  of  1889,  see  Part  I.  of  special 
report  on  Water  Supply  and  Sewerage,  1890,  p.  731. 
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HYDE  PARK. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Feb.  Feb 


Aug. 


Day  of  examination, .        .        .        . 
Number  of  sample 

PLANTS. 
Diatomacese,      .       .       .       . 

Asterionella, 

Stephanodiscus,     .        .         .        . 
Synedra, 

Algse, 

Chlorococcus,         .        .        .        . 

CoBlastrum 

Gronium, 

Raphidiura,    .    ■     . 

ANIMALS, 
Infusoria,      .       . 

Peridinium, 

Uvella  (col.) 

Vermes.    Anurea, 

Total  Organisms,  . 


8 
5606 


351 

351 

0 

pr. 

338 

0 

0 

338 

0 


295 

295 
0 
0 

311 

0 

0 

311 


157 

153 
2 
2 


695 


Ipswich. 

Chemical  Examhiation  of  Water  from  Streams  near  Ipswich. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidueok 
Evapora- 
tion. 

Ammonia. 

6 

c 

o 

6 

.48 

N^ITROGEN 
AS 

S 
■■J 

S 

a -5 

1 

3 

1 
m 

o 
O 

S    §; 

O 
1-1 

9 

Albuminoid. 

g 
S 

2 

Si 

a 

^ 

o 

3 

1 
a 

5470 

18 

Dec.  20 

89. 

Dec.  23 

Slight. 

Slight. 

0.15 

3.30 

1.10 

.0008 

.0080 

.0048 

.0032 

.0070 

.0002 

1.1 

■  A 
1.6 

5471 

Dec.  20 

Dec.  23 

None. 

Slight. 

1.10 

4.95 

2.45 

Looio 

.0198 

.0176 

.0022 

.40 

.0120 

.0000 

5472 

Dec.  20 

Dec.  23 

V.sl't. 

Slight. 

0.70 

4.90 

2.05 

LOOOG 

.0186 

.0160 

.0026 

.42 

.0080 

.0000 

1.5 

5499 

18 

Jau.     1 

90. 

Jan.    4 

V.sl't. 

V.  sl't. 

0.50 

6.10 

1.75 

1 
.0000 

.0210 

_ 

_ 

.74 

.0080 

.0001 

1.7 

5514 

Jan.     8 

Jan.    9 

V.sl't. 

V.sl't. 

0.70 

5.40 

2.05 

.0006 

1 

.0170 

.0168 

.0002 

.73 

.0150 

.0001 

1.7 

No.  5470.    Odor,  none. The  sample  was  collected  from  Dow's  Brook  at  the  crossing  of  the  old 

road  to  Dow's  Corner.  No.  5471.  Odor,  none.  The  sample  was  collected  from  Egypt  River,  just 
above  the  road  from  Ipswich  to  Newburyport.  No.  5472.  Odor,  very  faintly  vegetable.  The  sample 
was  collected  from  the  river,  just  above  the  town  where  the  eastern  division  of  the  Boston  and  Maine 
Railroad  runs  along  the  bank  of  the  river.  No.  5499.  Odor,  none.  The  sample  was  collected  from 
Miles  River,  just  above  its  confluence  with  the  Ipswich  River.  No.  5514.  Odor,  very  faintly  vegetable. 
The  sample  was  collected  from  the  same  place  as  No.  5499. 
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IPSWICH. 

llicroscojncal  Examination. 

1^0.5470.  Diatomacese,  Ceratoneis,^x.;  3feridion,Z;  Navicula,]iY.;  Synedra,  pr.;  Tabellarla,  1. 
Fungi,  Crenothrix,  2.    Total  organisms,  6. 

No.  5471.    DiatoraaceEe,  Ceratoneis,  pr.;  3/eridio?i,  pr.;  Synedra,  pr.    Algae,  Chlor oco ecus,  pr. 

No.  5472.  Diatomacese,  Cerato7ieis,'2;  Meridion,  pr.;  N'avicula,  pr.;  Synedra,  px.;  Tabellaria,!. 
Infusoria,  Dinobryon,  10;  Jlonas,  pr.     Total  organisms,  13. 

No.  5499.  Diatomacese,  Ceratoneis,  pr.;  MeridioJi,  1;  Synedra,  2.  Fungi,  Crenothrix,  1.  Total 
organisms,  4. 

No.  5514.  Diatomacese,  Ceratoneis,  2;  Synedra,  5.  Algse,  Conferva,  pr.  Fungi,  Crenothrix,  pr. 
Infusoria,  Dinobryon,  4;  Peridiiiium,  pr.    Total  organisms,  11. 


Kingston. 

Chemical  Examination  of  Water  from  Jones  River. 

[Parts  per  100,000.] 


Odor,  faintly  vegetable. The  sample  was  collected  from  the  river,  near  the  pumping-station  of 

the  Kingston  Water  Works. 

Microscopical  Examination. 

T>i&.\.oma.ce2e,AsterioneUa,ZQ;  Ceratoneis, pr.;  Cocconeis, pr.;  llelosira, 2o;  3Ieridion, pr.;  Synedra, 
pr. ;  Tabellaria,  Z.  Cyanophjxeffi,  iVbstoc,  pr.  Al%!e,  Confer va,\b;  Zoospores,  pr.  Fungi,  Cre?ioth7'ix, 
2.    Infusoria,  Peridiniwn,  pr.    Crustacea,  Daj>hnia,  pr.    Total  organisms,  75. 


Chemical  Examination  of  Water  from  a  Flowing  Well. 

[Parts  per  100,000.] 


Odor,  none. The  sample  was  collected  from  the  well,  which  is  10 'o  feet  in  depth. 


Microscopical  Examination. 

Diatomacese,  Tabellaria,  2.    Infusoria,  Peridinium,  pr. 
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LATVREXCE. 


Water  Supply  or  Laavrence. 


Chemical  Examination  of  Water  from  the  Merriviack  River  at  the  Intake  of  the 
Lcvwrence  Water  Works,  collected  one  foot  beneath  the  surface. 

[Parts  per  100,000.] 


Date  or 

Appearance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

_S 

>> 

^ 

5 

Albuminoid. 

-d 

■c 

» 

s 

2- 

ci 
■■A 

"5, 
3 

J 
•5 

3 

3 

o 

||> 

i 

> 

■a 

3  O. 

o 

1 

•S 

iz; 

o 

'A 

JH 

cc 

a 

&- 

1-1 

u 

H 

P 

m 

U 

i? 

2 

18 

89. 

4850 

June  19 

June  20 

Dist't. 

Cons., 
e'thy  & 
floc't. 

0.20 

.0020 

.0226 

.0186 

.0040 

~ 

.0060 

.0003 

- 

4952 

July  17 

July  18 

Slight. 

Cons. 

0.30 

- 

- 

.0072 

.0200 

.0174 

.0026 

.18 

.0080 

.0004 

_ 

5061 

Aug.  14 

Aug.  15 

Slight. 

Slight. 

0.35 

- 

- 

.0044 

.0236 

.0188 

.0048 

.18 

.0000 

.0002 

5171 

Sept.  11 

Sept.  12 

V.sl't. 

Slight, 
earthy. 

0.30 

- 

- 

.0098 

.0214 

.0178 

.0036 

.24 

.0070 

.0002 

- 

525S 

Oct.  15 

Oct.   16 

Slight. 

Slight. 

0.50 

- 

- 

.0024 

.0186 

.0164 

.0022 

.20 

.00.50 

.0001 

_ 

5364 

Nov.  19 

Nov.  20 

V.sl't. 

V.sl't. 

0.45 

- 

- 

.0022 

.0208 

.0168 

.0040 

.22 

.0060 

.0001 

_ 

5464 

Dec.  IS 
18 

Dec.  19 
90. 

V.sl't. 

Cons., 
e'thy  & 
floc't. 

0.30 

" 

.0020 

.0138 

.0108 

.0030 

.19 

.0150 

.0001 

- 

6664 

Feb.  13 

Feb.  14 

Slight. 

Slight. 

0.30 

- 

- 

.0000 

.0118 

.0098 

.0020 

.16 

.0150 

.0000 

_ 

5887 

Apr.  15 

Apr.  16 

Dist't. 

Henvy, 

e'thy  & 
floc't. 

0.25 

.0010 

.0120 

.0096 

.0024 

.10 

.0080 

.0001 

~ 

5972 

May  14 

May  15 

Slight. 

Cons., 
earthy. 

0.30 

- 

- 

.0034 

.0138 

.0120 

.0018 

.10 

.0050 

.0000 

- 

6100 

June  18 

June  19 

Slight. 

Cons., 
earthy. 

0.40 

- 

- 

.0040 

.0172 

.0136 

.0036 

.15 

.0050 

.0001 

- 

6285 

July  15 

July  16 

V.sl't. 

Slight. 

0.25 

4.10 

- 

.00.58 

.0202 

.0146 

.0056 

.20 

.0050 

.0003 

1.3 

6424 

Aug.  19 

Aug.  20 

V.sl't. 

Slight, 
floc't. 
Cons. 

0.20 

4.20 

2.10 

.0160 

.0216 

.0158 

.0058 

.27 

.0050 

.0002 

1.7 

6492 

Sept.  10 

Sept.  11 

Slight. 

0.35 

4.80 

1.45 

.0058 

.0182 

.0162 

.0020 

.20 

.0150 

.0003 

?.1 

6523 

Sept.  17 

Sept.  18 

Dec'd. 

Cons., 
earthy. 

0.90 

- 

- 

.0020 

.0246 

.0192 

.0054 

.14 

.00.50 

.0000 

6602 

Oct.  15 

Oct.  16 

V.sl't. 

Slight. 

0.30 

4.65 

1.35 

.0046 

.0188 

.0152 

.0036 

.15 

.0080 

.0002 

1.4 

6717 

Nov.  12 

Nov.  12 

V.sl't. 

V.sl't. 

0.45 

3.60 

1.35 

.0026 

.0130 

.0118 

.0012 

.20 

.0080 

.0002 

l.fi 

6832 

Dec.  16 

Dec.  17 

Slight. 

Slight. 

0.20 

3.70 

1.15 

.0044 

.0158 

.0122 

.0036 

.18 

.0200 
.0080 

.0001 

1.6 

Av. 

0.33 

4.19 

1.48 

.0045 

.0180 

.0146 

.0034 

.18 

.0002 

1.6 

Odor,  generally  faintly  vegetable,  frequently  mouldy,  occasionally"  none. The  samples  were  col 

leoted  from  the  middle  of  the  river,  opposite  the  pumping-station  of  the  Lawrence  Water  Works. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Feb. 

Day  of  examination. 

20 

18 

15 

12 

17 

21 

23 

15 

Number  of  sample, 

4850 

4952 

5061 

5171 

5258 

5364 

5464 

5664 

PLANTS. 

Diatomaceae,    .... 

6 

g 

5 

9 

1 

29 

0 

9 

Asterionella,       .... 

Melosira 

Syuedra 

Tabellaria, 

pr. 
1 
4 
1 

0 
2 
5 

4 

0 

1 

pr. 

0 
0 
5 

4 

0 
0 
1 
0 

3 

12 

pr. 

4 

pr. 
0 
0 

pr. 

1 
5 
3 
0 

1()4 

liA^VRENCB. 


STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 

Microscopical  Exaynination — Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Feb. 

Cyanoptiyceae.   Chroococcus, 

0 

0 

0 

0 

0 

0 

0 

0 

Algae, 

pr. 

9 

6 

9 

0 

0 

0 

0 

Chlorococcus,     .... 
Scenedesmus,      .... 

pr. 
pr. 

9 
0 

6 
0 

9 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Fungi.    Crenothrix,    .        . 

pr, 

0 

12 

8 

5 

0 

7 

pr. 

ANIMALS. 

Infusoria,   ..... 

0 

32 

pr. 

18 

0 

0 

0 

2 

Dinobryon,          .... 
Peridinium,         .... 
Trachelomonas 

0 
0 
0 

32 
pr. 
pr. 

pr. 
0 
0 

17 
0 
1 

0 
0 
0 

0 
0 
0 

0 
0 
0 

2 
0 
0 

Total  Organisms, 

6 

50 

23 

44 

6 

29 

7 

11 

April.  I  May.    June.    July.     Aug. 


Sept. 


Sept. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,  .... 

Asterionella,     .        .        ... 

Melosira 

Synedra, 

Tabellaria,        .... 

Cyanophycese.     Chroococcus, 

Algse, 

Chlorococcus,   .... 
Scenedesmus,    .... 

Fungi.    Crenothrix,  . 

ANIMALS. 
Infusoria,         .... 

Dinobryon 

Peridinium,       .... 
Trachelomonas, 

Total  Obganisms,    . 


18 
5887 


16 

5972 


25 
6100 


16 
6285 


22 
6424 


11 

6492 


18. 
6523 


17 
6602 


as 

6717 


pr. 


29 


234 

233 
1 


0 

5 

pr. 


0 

0 

pr. 


45   310 
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LATVEENCE. 

Chemical  Examination  of  Water  from  the  Force  Maiji  at  the  Pumjnng-station  of 
the  Lawrence  Water  Works. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

S 

s 

Nitrogen 

AS 

o 
o 

c 

o 

1 

o 
o 

1 

2 

Albuminoid. 

.s 

a 

9-, 

3 

o 

> 

o 

3 

'6 
■a 

s  s, 

02 

f 

OS 

4851 

18 
June  19 

89. 

June  20 

Slight. 

Slight.  0.20 

_ 

_ 

.0024 

.0182 

.0156 

.0026 

.0120 

.0002 

_ 

4953 

July  17 

July  18 

Dist't. 

Cons. 

0.25 

- 

- 

.0078 

.0210 

.0180 

.0030 

.17 

.0120 

.0003 

- 

5063 
5173 

Aug.  14 
Sept.  11 

Aug.  15 
Sept.  12 

Slight. 
Slight. 

Cons., 

e'thySc 

floc't. 

Slight, 

earthy. 

0.35 
0.20 

- 

- 

.0038 
.0070 

.0220 
.0200 

.0194 
.0168 

.0026 
.0032 

.19 

.28 

.0070 
.0120 

.0003 
.0002 

- 

5259 
5365 

Oct.   15 

Nov.  19 

Oct.  16 

Nov.  20 

Dist't. 
V.sl't. 

Cons., 
e'thy& 
floc't. 
V.sl't. 

0.65 
0.40 

: 

.0018 
.0018 

.0208 
.0188 

.0176 
.0174 

.0032 
.0014 

.20 
.22 

.0080 
.0120 

.0002 
.0002 

: 

5465 
5534 
5665 

Dec.  18 

18 

Jan.  15 

Feb.  13 

Dec.  19 

90. 

Jan.  16 

Feb.  14 

V.sl't. 

Slight, 
milky, 
clayey. 
Slight, 
milky. 

Slight, 

e'thy& 

floc't. 

Slight, 

earthy. 

Slight. 

0.30 
0.25 
0.20 

- 

- 

.0016 
.0014 
.0000 

.0136 
.0150 
.0108 

.0112 
.0110 

.0084 

.0024 
.0040 
.0024 

.16 
.20 
.18 

.0120 
.0220 
.0130 

.0001 
.0000 
.0001 

- 

57S3 

Mar.  1-2 

Mar.  13 

Slight, 
milky. 

Heavy, 

floc't. 

0.35 

- 

- 

.0002 

.0104 

.0080 

.0024 

.18 

.0090 

.0002 

- 

6888 
5973 

Apr.  15 
May  14 

Apr.  16 
May  15 

Dist't. 

Slight, 
milky. 

Heavy, 
e'thySc 
floc't. 
Cons., 
earthy. 

0.20 
0.30 

- 

- 

.0002 
.0030 

.0142 
.0152 

.0086 
.0116 

.0056 
.0036 

.12 
.12 

.0100 
.0080 

.0000 
.0000 

- 

6101 

June  18 

June  19 

Slight. 

Cons., 
earthy. 

0.45 

- 

- 

.0020 

.0134 

.0134 

.0000 

.15 

.0200 

.0002 

1.3 

6236 
6426 

July  15 
Aug.  19 

July  16 
Aug.  20 

Slight. 
V.sl't. 

Cons., 

e'thySc 

floc't. 

Cons., 

floc't. 

0.20 
0.20 

3.70 
4.20 

2.60 

.0070 
.0124 

.0224 
.0218 

.0148 
.0174 

.0076 
.0044 

.21 

.28 

.0100 
.0080 

.0003- 
.0004 

1.1 

1.7 

6524  Sept.  17 

Sept.  18 

Dist't. 

Cons., 
earthy. 

0.90 

- 

- 

.0030 

.0254 

.0190 

.0064 

.13 

.0070 

.0001 

- 

6604   Oct.   15 

Oct.  16 

V.sl't. 

Slight. 

0.32 

4.90 

1.15 

.0026 

.0162 

.0142 

.0020 

.17 

.0120 

.0002 

1.5 

6719  Nov.  12 

Nov.  12  1 

V.sl't. 

Slight. 

0.45 

3.90 

1.10 

.0022 

.0134 

.0122 

.0012 

.19 

.0100 

.0002 

1.5 

6834  Dec.  16 

Dec.  17 

Slight. 

Slight. 

0.20 

3.10 

1.20 

.0020 

.0158 

.0120 

.0038 

.18 
.18 

.0220 

.0002 

1.5 

Av. 

1 

1 
1 

0.34 

4.02 

1.51 

.0033 

.0173 

.0140 

.0033 

.0119 

.0002 

1.4 

Odor,  generally  faintly  vegetable,  frequently  mouldy,  occasionally  none. The  samples  were  col- 
lected from  a  faucet  in  the  check-valve,  just  beyond  the  pump,  and  represent  a  mixture  of  water  from 
the  river  and  the  filter-gallery,  though  but  a  small  part  of  the  water  comes  from  the  latter  source. 
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LAWRENCE. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,     .... 

20 

18 

15 

12 

17 

21 

23 

18 

15 

15 

Number  of  sample 

4851 

4953 

5063 

5173 

5239 

5365 

5465 

5534 

5665 

5783 

PLANTS. 

Diatomacese, ..... 

0 

9 

5 

6 

2 

8 

10 

g 

7 

13 

Asterionella 

Melosira 

Navicula, 

Synedra 

Tabellaria 

0 
0 
0 
0 
0 

0 
0 
pr. 
3 
6 

0 
0 
0 
3 
2 

0 
0 
pr. 
4 
2 

0 
0 
0 
2 
0 

2 
4 
0 
2 
0 

10 
0 
0 
0 
0 

1 
5 
pr. 
3 
0 

pr. 

4 
0 
3 
0 

0 
12 
0 

1 
0 

Algse,  .       .       .       . 

10 

12 

3 

0 

0 

0 

0 

0 

0 

0 

Chlorococcus, 

Staurogeuia 

10 
0 

12 
0 

3 

0 

0 
0 

0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

Fungi, 

2 

0 

26 

13 

12 

0 

1 

14 

1 

3 

Crenothrix, 

Leptothrix, 

0 
2 

0 
0 

26 
0 

11 

2 

12 
0 

0 
0 

1 

0 

8 
6 

1 

0 

3 

ANIMALS. 

Infusoria.    Dinobryon, 

0 

0 

3 

pr. 

0 

0 

0 

0 

0 

\ 

Porifera.    Sponge  spicules,   . 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

? 

Total  Okganisms,    . 

12 

21 

37 

19 

14 

8 

11 

23 

8 

17 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination. 

Number  of  sample,   .... 

18 

5888 

16 
5973 

24 
6101 

16 
6236 

22 
6426 

18 
6524 

17 
6604 

12 
6719 

18 
6834 

PLANTS. 

Diatomacese 

Asterionella 

Melosira-,        ..... 

Navicula 

Synedra 

Tabellaria 

Algse, 

Chlorococcus,       .... 
Staurogenia,         .... 

Fungi 

Crenothrix,  ..... 
Leptothrix 

9 

1 
4 
0 
4 
0 

0 

0 
0 

3 

3 

0 

12 
0 
4 
pr. 
6 
2 

0 

0 
0 

2 

2 
0 

29 

1 
13 
2 
8 
5 

5 

5 
0 

1 
1 
0 

48 

3 
2 
2 
34 
7 

1 
0 
1 

2 

2 
0 

42 
5 
9 
3 

18 

7 

37 

12 
25 

4 

4 
0 

4 

4 
0 
0 

0 

0 
0 

14 
14 

0 

pr, 
0 
0 

pr. 

0 
0 

0 

0 
0 

6 

6 
0 

8 

4 
1 
2 
1 
0 

0 

0 
0 

1 
1 

0 

0 
pr. 

0 

0 
0 
0 

2 

2 
0 

ANIMALS. 
Infusoria.    Dinobryon, 

Porifera.    Sponge  spicules. 

0 
0 

0 
0 

0 
0 

0 
0 

6 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Total  Okganisms, 

12 

14 

35 

51 

89 

18 

6 

9 

10 
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Chemical  Examination  of  Water  from,  the  Distributing  Reservoir 

Water  Works. 

[Parts  per  100,000.] 


of  the  Lawrence 


Date  op 

Appearance. 

RESIDni'.  ON 

Evapora- 

Ammonia. 

Nitrogen 
as 

tion. 

A 

- 

Albuminoid.       | 

c 

c 
o 

>> 

-^ 

■d 

■c 

a 

m 

. 

S 

i2 

a 

s 

a-= 

1 

a 

S 

^  5) 
o 

% 

o 

"3 

•a 

3  p. 

3 
2 

c 

'Ui 

1 

OS 

'A 

O 

H 

Eh 

m 

o 

iJ 

£ 

H 

S         Vi       \ 

u 

W 

18 

89. 

4852 

June  19 

June  20 

Dist't. 

Cons., 
e'thy& 
floc't. 

0.20 

" 

." 

.0024 

.0194 

.0186 

.0008 

"■ 

.0120 

.0002 

■ 

4954 

July  17 

July  18 

Slight. 

Slight. 

0.20 

- 

- 

.0074 

.0196 

.0166 

.0030 

.17 

.0180 

.0004 

- 

6062 

Aug.  14 

Aug.  15 

V.sl't. 

Slight. 

0.30 

- 

- 

.0064 

.0196 

.0174 

.0022 

.14 

.0090 

.0003 

- 

5172 

Sept.  11 

Sept.  12 

V.sl't. 

V.sl't. 

0.30 

- 

- 

.0106 

.0200 

.0176 

.0024 

.24 

.0150 

.0003 

- 

5260 

Oct.  15 

Oct.  16 

V.  Bl't. 

Slight. 

0.45 

- 

- 

.0016 

.0152 

.0128 

.0024 

.21 

.0100 

.0001 

- 

536'3 

Nov.  19 

Nov.  20 

V.sl't. 

V.sl't. 

0.45 

- 

- 

.0004 

.0152 

.0124 

.0028 

.22 

.0130 

.0001 

- 

5466 

Dec.  18 
18 

Dec.  19 
90. 

V.sl't. 

Slight, 
earthy. 

0.25 

- 

- 

.0014 

.0120 

.0100 

.0020 

.18 

.0150 

.0001 

- 

5535 

Jan.  15 

Jan.  16 

Slight. 

V.sl't. 

0.25 

- 

- 

.0004 

.0102 

.0080 

.0022 

.18 

.0220 

.0001 

- 

5666 

Feb.  13 

Feb.  14 

Slight. 

Slight. 

0.20 

- 

- 

.0004 

.0106 

.0078 

.0028 

.18 

.0150 

.0000 

- 

5782 

Mar.  12 

Mar.  13 

V.sl't. 

Slight, 
earthy. 

0.35 

- 

- 

.0006 

.0102 

.0062 

.0040 

.16 

.0110 

.0001 

- 

5889 

Apr.  15 

Apr.  16 

V.sl't. 

Slight. 

0.20 

- 

- 

.0014 

.0094 

.0082 

.0012 

.15 

.0150 

.0000 

- 

5974 

May  14 

May  15 

Slight. 

Slight, 
earthy 

0.20 

- 

- 

.0020 

.0128 

.0100 

.0028 

.12 

.0100 

.0001 

- 

6102 

June  18 

June  19 

V.sl't. 

Slight 

0.30 

- 

- 

.0024 

.0118 

.0112 

.0008 

.14 

.0200 

.0003 

- 

6237 

July  15 

July  16 

None. 

V.sl't 

0.22 

3.35 

- 

.0058 

.0132 

.0120 

.0012 

.19 

.0125 

.0002 

1.4 

6425 

Aug.  19 

Aug.  20 

None. 

Slight 
floc't. 

0.20 

3.70 

1.05 

.0078 

.0146 

.0132 

.0014 

.26 

.0108 

.0003 

1.7 

6494 

Sept.  10 

Sept.  11 

V.sl't. 

Slight 

0.30 

3.75 

1.35 

.0070 

.0168 

.0136 

.0032 

.19 

.0300 

.0003 

2.1 

6525 

Sept.  17 

Sept.  18 

Slight. 

Slight 

0.30 

- 

- 

.0068 

.0186 

.0140 

.0046 

.15 

.0080 

.0001 

3.1 

6603 

Oct.  15 

Oct.  16 

V.sl't. 

V.sl't 

0.28 

3.80 

1.10 

.0030 

.0194 

.0128 

.0066 

.16 

.0100 

.0002 

1.4 

6718 

Nov.  12 

Nov.  12 

V.sl't. 

Slight 

0.45 

3.75 

1.10 

.0014 

.0136 

.0114 

.0022 

.18 

.0090 

.0002 

1.7 

6833 

Dec.  16 

Dec.  17 

Slight 

Slight 

0.23 

3.20 

0.85 

.0024 

.0136 

.0118 

.0018 

.18 
.18 

.0220 

.0001 

1.7 

Av. 

0  28 

3.64 

1.09 

.0034 

.0146 

.0122 

.0024 

.0141 

.0002 

1.6 

Odor,  generally  faintly  vegetable,  frequently  none,  occasionally  mouldy. The  samples   were 

collected  from  a  faucet  in  the  gate-house  and  represent  water  flowing  out  of  the  reservoir. 
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liAWREXCE. 

Microscopical  Exatnination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,     .... 

20 

18 

15 

12 

17 

21 

23 

18 

15 

15 

Number  of  sample,      .... 

4852 

4954 

5062 

5172 

5260 

5366 

5466 

5535 

5666 

5782 

PLANTS. 

Diatomace^,         .... 

3 

4 

7 

2 

3 

2 

4 

g 

7 

4 

Asterionella, 

Fragillaria 

Melosira, 

Synedra, 

Tabellaria, 

0 
0 

1 

pr. 

2 

0 
0 
3 
0 
1 

0 
0 
3 
0 
4 

0 
0 
0 
0 
2 

0 
0 
3 
pr. 
0 

0 
0 
0 
2 
pr. 

0 

0 

2 

pr. 

2 

2 
0 
5 
2 
0 

0 

^^5 

2 

pr. 

1 
0 
3 
pr. 
0 

CyanophyceEe,     .... 

0 

6 

pr. 

0 

0 

0 

0 

0 

0 

0 

Anabsena,  ' 

Chrooooccus, 

Nostoc, 

Rivularia, 

0 
0 
0 
0 

0 
6 
0 
0 

pr. 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

Algae 

2 

20 

50 

33 

17 

0 

0 

0 

0 

0 

Chlorococcus 

Ceslastrum 

Eudorina, 

Pleurococcus, 

Raphidium 

2 
0 
0 
0 
0 

17 
3 
0 
0 
0 

5 
0 

0 

45 

0 

33 
0 
0 
0 
0 

9 
0 
0 

0 
8 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Fungi.    Crenothrix, 

2 

0 

2 

4 

2 

0 

35 

pr. 

0 

0 

ANIMALS. 

Infusoria 

0 

0 

0 

3 

0 

3 

pr. 

pr. 

pr. 

0 

Dinobryon 

Peridinium, 

Trachelomonas,       .... 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
3 
0 

0 
0 
0 

3 

pr. 

0 

pr. 
0 
0 

pr. 
0 
0 

0 
pr. 

0 

0 
0 
0 

Porifera.    Sponge  spicules,   . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Oeganisms,    . 

7 

30 

59 

42 

22 

5 

39 

9 

7 

4 
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liA'WRENCE. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


Ma3'. 


July. 


Sept. 


Sept. 


Day  of  examination, 
Number  of  sample, 


16 

5974 


24 
6102 


16 

6237 


22 
6425 


11 
6494 


18 
6525 


17 
6603 


13 
6718 


18 
6833 


PLANTS. 
Diatoraacese,  . 

Asterionella,     . 
Fragillaria, 
Melosira,    . 
Synedra,    . 
Tabellarla, 

CyanophycesB, 

Anabfena, . 
Chroococcus,    . 
Nostoc, 
Rivularia, . 

Algse,  .... 

Chlorococcus,   . 
Ccelastrum, 
Eudorina,  . 
Pleurococcus,    . 
Raphidium, 

Fungi.    Crenothrix,  . 

ANIMALS. 
Infusoria, . 

Dinobryon, 
Peridinium, 
Trachelomonas, 


Porifera.    Sponge  spicules, 


195 


3 

0 

1 

2 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

202 

46 

57 

pr. 
pr. 


pr. 


Total  Orga^jisms,     . 
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Volume  of  Water  Floioing  in  the  Merrimack  River  on  the  Dates  ivhen  Samples  of 
Water  tvere  collected  for  Analysis. 


Volume  Flowing  in  the  River  in  Cubic 
Feet  per  Second.. 


Rate  of  Flow 

during  Eleven  Hours 

of  the  Day. 

Rate  of  Flow 
during  Twenty-four 
Hours  of  the  J>ay. 

6,550 

5,500 

3,500 

2,200 

5,880 

4,800 

3,180 

2,120 

8,980 

7,880 

6,380 

5,200 

12,300 

11,320 

11,240 

10,480 

24,770 

24,020 

10,100 

9,300 

9,970 

9,100 

4,250 

3,330 

3,250 

2,300 

5,700 

4,870 

14,750 

13,900 

6,750 

5,900 

9,400 

8,550 

6,400 

5,560 

1889. 

June  19 

July    17, 

Aug.  14,  . 

Sept.  11 

Oct.    15 

Kov.  19, 

Dec.   18, 

1890. 
Feb.    13, 

April  15 '     . 

May    14 

June  18 

July   15 

Aug.  19 

Sept.  10, 

Sept.  17 

Oct.    15,  .        .        .        .        . 

Nov.  12 

Dec.  16, 


Water  Supply  of  Lp:nox. — Lenox  Water  Company. 

Chemical  Examination  of  Water  from  a  Brook  near   the  Pumping-station  of  the 

Lenox  Water  Company. 

[Parts  per  100,000.] 


1 

Kesidoeon 

Date  of 

Appearance.        | 

Evapora- 

Ammonia. 

tion. 

'u 
o 

o 

i 

1 
S 
.  « 

a-s 

S 

.i 

5 

Albuminoid. 

1 

2 

1 
1 

i 

■  a 

■6 
> 
'o 

•a 
c 

a 
V 

1 

o 

O 

3 

o 

o 

6-1 

o 

£ 

H 

C 

^ 

iS 

C3 

18 

89. 

5116 

Aug.  29 

Aug.  31 

V.sl't. 

Cons. 

0.05 

9.25 

0.70 

.0020 

.0044 

.0038 

.0006 

.07 

.0050 

.0000 

7.8 

Odor,  none. The  sample  was  collected  from  the  brook  near  the  pumping-station.     Water  is 

pumped  from  this  brook  into  the  distributing  reservoir  which  supplies  the  town  when  the  supply  from 
the  other  sources  is  insufficient. 

Microscopical  Examination. 

Diatomaceije,  J/erJtfioM,  pr.;   Navicula,!;  Fleurosigma,!;   Synedra,  Q.    Total  organisms,  8. 
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leominster. 
Water  Supply  of  Leominster. 

Chemical  Examinaiion  of  Water  from  Haynes  Reservoir,  Leoviinster. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

c 

0 

0 

Nitrogen 

AS 

a- 

3 

o 
O 

■3 
0 

0 

c 

Albuminoid.   | 

1 

cS 
1. 

1 

■3 

i 
> 
0 

s 

■a 
3  p. 

V 
3 

K 

4S33 

18 

June  13 

89. 

June  14 

Slight. 

Slight. 

0.30 

_ 

_ 

.0002 

.0316 

.0212 

.0104 

.0030 

.0000 

_ 

4922 

July  8 

July  9 

Dec'd. 

Cons. 

0.30 

- 

- 

.0004 

.0442 

.0344 

.0098 

- 

.0030 

.0000 

- 

495S 

July  19 

July  20 

Dec'd. 

Cons. 

0.40 

- 

- 

.0020 

.0638 

.0364 

.0274 

- 

.0050 

.0001 

-• 

5047 

Aug.  12 

Aug.  13 

Dist't. 

Cons. 

0.25 

- 

- 

.0006 

.0864 

.0366 

.0498 

- 

.0040 

.0000 

- 

5144 

Sept.  4 

Sept.  5 

Dec'd. 

Slight 

0.15 

- 

.0006 

.1078 

.0368 

.0710 

- 

.0030 

.0000 

- 

5159 

Sept.  9 

Sept.  10 

Dec'd. 

Slight. 

0.40 

- 

- 

.0028 

.0622 

.0344 

.0278 

- 

.0020 

.0000 

- 

5202 

Sept.  25 

Sept.  26 

Dist't. 

Cons. 

0.30 

- 

- 

.0002 

.0510 

.0266 

.0244 

- 

.0020 

.0001 

- 

5235 

Oct.  8 

Oct.  9 

Slight. 

Cons. 

0.20 

- 

- 

.0018 

.0430 

.0280 

.0150 

- 

.0020 

.0001 

- 

5250 

Oct.  10 

Oct.  15 

Slight. 

Cons. 

0.30 

- 

- 

.0032 

.0350 

.0264 

.0086 

- 

.0020 

.0000 

- 

5291 

Oct.  31 

Nov.  1 

Dist't. 

Cons. 

0.30 

- 

- 

.0020 

.0292 

.0222 

.0070 

- 

.0050 

.0000 

- 

5344 

Nov.  13 

Nov.  13 

Dist't. 

Cone. 

0.40 

- 

- 

.0010 

.0338 

.0248 

.0090 

- 

.0100 

.0002 

- 

53S0 

Nov.  25 

Nov.  26 

Slight. 

Slight. 

0.30 

- 

- 

.0006 

.0302 

.0258 

.0044 

- 

.0030 

.0001 

- 

5443 

Dec.  16 

Dec.  17 

Dist't. 

Slight. 

0.20 

- 

- 

.0016 

.0252 

.0180 

.0072 

- 

.0020 

.0001 

- 

5671 

18 

Feb.  13 

90. 

Feb.  14 

Slight. 

V.sl't. 

0.15 

_ 

_ 

.0000 

.0214 

.0158 

.0056 

_ 

.0020 

.0001 

_ 

5792 

Mar.  17 

Mar.  18 

V.sl't. 

Slight. 

0.30 

- 

- 

.0004 

.0176 

.0100 

.0076 

.12 

.0100 

.0000 

- 

5886 

Apr.  15 

Apr.  16 

Slight. 

Cons. 

0.05 

- 

- 

.0002 

.0152 

.0120 

.0032 

.09 

.0050 

.0000 

- 

5992 

May  19 

May  20 

Dec'd. 

Cons. 

0.10 

- 

- 

.0000 

.0348 

.0184 

.0164 

.10 

.0030 

.0000 

- 

6111 

June  22 

June  24 

Dec'd. 

Cons. 

0..30 

- 

- 

.0012 

.0506 

.0248 

.0258 

.10 

.0060 

.0001 

- 

6212 

July  14 

July  14 

Dec'd. 

Cons. 

0.20 

2.95 

- 

.0000 

.0976 

.0352 

.0624 

.12 

.0020 

.0000 

- 

6415 

Aug.  18 

Aug.  19 

Dec'd. 

Heavy. 

0.20 

3.45 

2.40 

.0000 

.1166 

.0250 

.0916 

.12 

.0085 

.0000 

0.6 

6510 

Sept,  15 

Sept.  16 

Dec'd. 

Very 
heavy. 

0.15 

2.80 

1.80 

.0004 

.0866 

.0182 

.0684 

.11 

.0030 

.0000 

0.6 

6648 

Oct.  27 

Oct.  29 

Dist't. 

Cons. 

0.35 

3.05 

1.65 

.0002 

.0416 

.0224 

.0192 

.13 

.0050 

.0002 

0.6 

6731 

Nov.  17 

Nov.  18 

Dist't. 

Heavy. 

0.20 

2.40 

1.25 

.0010 

.0364 

.0230 

.0134 

.14 

.0050 

.0001 

0.6 

6828 

Dec.  15 

Dec.  16 

V.sl't. 

V.sl't. 

0.30 

2.60 

1.20 

.0002 

.0318 

.0264 

.0054 

.12 
.11 

.0200 

.0002 

0.9 

Av. 

0.24 

2.86 

1.66 

.0006 

.0494 

.0237 

.0257 

.0052 

.0001 

0.6 

Odor,  generally  faintly  vegetable,  occasionally  also  grassy;  when  heated,  the  odor  is  much  stronger, 

generally  grassy,  occasionally  disagreeable. The  samples  were  collected  from  the  reservoir,  near  the 

gate-house,  at  a  depth  of  about  one  foot  beneath  the  surface. 
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liEOMESrSTEB. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


[Pub.  Doc. 


June.       July 


July. 


Aug. 


Sept. 


Sept. 


Sept. 


Day  of  examination, 
Number  of  sample,  . 


14 

4833 


10 
4922 


20 
4958 


13 

5047 


10 
5144 


10 
5159 


26 
5202 


PLANTS. 
Diatomaceae, 


Asterionella, 
Melosira, 
Navicula, 
Synedra, 
Tabellaria,    , 


Cyanophycese,  . 

Anabfena, 
Chroococcus, 
Clathrocystis, 
Coelosphserium, 
Nostocaceous  spor 


Algse, 


Arthrodesmus, 
Chlorococcus, 
Ccelastrum,   . 
Cosmarium,  . 
Dictyosphserium- 
Merismopedia, 
Pediastrum, . 
Pleurococcus, 
Protococcus, 
Raphidium,  . 
Scenedesmus, 
Spirotsenia,  . 
Staurastrum, 


Fungi.    Crenothrix, 


167 

150 

11 

0 

0 


73 


101 

0 

72 
4 
0 
0 
0 
3 
0 
0 
0 
6 
0 
16 


238 

184 

0 

0 

0 

54 


526 


452 
34 


164 

0 
120 
0 
0 
0 

16 
4 
0 
0 

20 
0 
0 
4 


172 

0 

158 

0 

0 

14 


672 


1,056 

1,016 

0 

20 

20 

0 


128 

34 

92 

0 

0 

2 


464 

424 

0 

20 

20 

0 


268 

0 
238 
0 
0 
0 
0 

18 
0 
0 
0 
2 
0 

10 


240 

36 

159 

1 

1 

43 


154 


171 


ANIMALS. 
Rhizopoda.    Actinophrys, 


Infusoria, 


Ciliated  infusorian, 
Dinobryon,    . 
Monas,  . 
Peridininm,  . 
Trachelomonas,   . 


Vermes, 

Anurea, 
Polyarthra,   . 
Rotatorian  ova, 
Rotifer, . 


Crustacea.    Daphnia, 


pr. 


pr. 


pr. 


Total  Oeganisms, 


936 


862 


1,206 


588 
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LEOMINSTER. 

Microsco2ncal  Examination  —  ContiniTed. 

[Number  of  organisms  per  cubic  centimeter.] 


r* 

1889. 

1890. 

Oct. 

Oct. 

Nov. 

Nov. 

Dec. 

Feb. 

Mar. 

April. 

Daj'  of  examination,       .        . 

16 

- 

14 

27 

18 

15 

19 

18 

Number  of  sample, 

5250 

5291 

5344 

5380 

5443 

5671 

5792 

5886 

PLANTS. 

Diatomacese 

829 

2,056 

1,410 

189 

112 

1,278 

15 

274 

Asterionella, 
Melosira, 
Navicula, 
Synedra, 
Tabellaria,  . 

498 

146 

0 

42 

14.3 

1,144 

12 

0 

448 
452 

1,188 

40 

0 

56 

126 

100 

11 

0 
12 
46 

70 

3 

0 

23 

16 

92 

0 

0 

1,176 

10 

8 
pr. 
0 
5 
2 

146 

28 

0 

84 

16 

CyanophycesB, 

31 

pr. 

8 

1, 

4 

1 

0 

3 

Anabiiena,    .        .        . 
Chroococcus, 
Clathrocystis, 
Ocelosphasrium,  . 
Nostocaceous  spores, 

12 
0 
4 

15 
0 

pr. 

0 
pr. 
pr. 

0 

6 
0 
2 
0 
0 

pr. 
0 
0 
1 

pr. 

0 
2 
2 
0 
0 

0 
0 
0 

1 

0 

0 
0 
0 
0 
0 

2 

0 
0 

1 
0 

Algee 

92 

148 

82 

21 

32 

25 

19 

23 

Arthrodesmus,   . 

Chlorococcus, 

CoBlastrum, . 

Cosmarium, 

Dictyosphasrium, 

Merismopedia,    . 

Pediastrum, 

Pleurococcus,     . 

Protococcus, 

Raphidium, 

Scenedesmus, 

Spirotasnia, 

Staurastrum, 

6 

33 

pr. 

0 

11 

pr. 

4 

0 

0 

13 
3 
0 

22 

4 
80 
0 
0 
0 
0 
16 
40 
0 
0 
8 
0 
0 

12 
18 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
28 

3 
11 

0 

0 

pr. 

0 

0 
0 
2 
0 
5 

2 
9 
0 
0 
pr. 
0 
0 
0 
0 
5 
6 
0 
10 

2 
18 
0 
0 
0 
0 
1 
0 
0 
0 
3 
0 
1 

0 

15 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 

1 

10 
0 
0 

1 

0 

1 

0 

0 
0 
8 
0 

2 

Fungi,    Crenothrix,    . 

0 

0 

0 

0 

0 

0 

pr. 

0 

ANIMALS. 

Rhizopoda.     Actinophrys, 

pr. 

0 

0 

0 

0 

0 

0 

0 

Infusoria, 

4 

pr. 

214 

50 

116 

349 

229 

533 

Ciliated  infusorian, 

Dinobryon, 

Monas, 

Peridinium, 

Trachelomonas, 

0 
pr. 

0 
0 
4 

pr. 

0 
0 

0 
208 
0 
6 
0 

0 
46 
0 
4 
0 

0 

109 

pr. 

5 

2 

0 

342 

0 

7 
0 

0 
220 

'\ 

0 

0 

498 

0 

34 

1 

Vermes, 

1 

pr. 

6 

pr. 

1 

2 

2 

3 

Anurea, 

Polyarthra,         .        .        .        . 

Rotatorian  ova 

Rotifer 

pr. 
1 

0 
0 

0 

0 

0 

pr. 

0 
0 
2 
4 

0 
0 

1 

0 
0 
0 

1 

0 

1 

0 

2 
0 
0 
0 

2 
0 
1 

0 

Crustacea.    Daphnia, 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms, 

957 

2,204 

1,700 

241 

265 

1,655 

265 

836 

178  STATE  BOARD  OF  HEALTH. 

XiEOMrXSTER. 

Microscopical  Examiiiation  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


[Pub.  Doc. 


May.        June, 


July. 


Aug. 

Sept. 

19 

16 

6415 

6510 

198 

604 

0 

8 

126 

404 

2 

4 

14 

84 

56 

104 

1,966 

380 

132 

0 

122 

0 

1,708 

380 

4 

0 

0 

0 

310 

168 

14 

0 

158 

16 

0 

6 

4 

54 

0 

0 

0 

0 

12 

16 

0 

0 

0 

0 

4 

12 

100 

54 

0 

0 

18 

10 

0 

0 

Oct.         Nov. 


Day  of  examination, 
Number  of  sample,  . 


20 
5992 


25 
6111 


15 

6212 


30 

6648 


18 
6731 


PLANTS. 
Diatomacese,     . 


Asterionella, 
Melosira, 
Navicula, 
Synedra, 
Tabellaria,    . 


1,848 
1,004 


Cyanophycese, . 

Anabfena, 
CliroococcuB, 
Clathrocysiis, 
Ccelosphcerium,    . 
Nostocaceous  tporea 


Algae, 


Arthrodesmus, 

Chlorococcus, 

Ccelastriim,  . 

Cosmarium, 

Dictyosphserium 

Merismopedia, 

Pediastrum, 

Pleurococcus, 

Protococcus, 

Raphidium,  . 

Scenedesmus, 

Spirotsenia,  . 

Staurastrum, 


Fungi,    Crenothrix, 


0 
112 
164 


674 

0 
538 

0 

0 
24 

0 
28 

0 

0 
42 
32 

0 
10 


226 

16 

6 

0 

0 

204 

216 

1.36 
0 

48 

32 

0 


169 


153 
0 
5 
3 


928 

520 
0 
195 
38 
175 


200 

3 

45 

0 

0 

5 

0 

43 

0 

0 

18 

13 

65 


3,608 

1,552 

372 

4 

168 

1,512 


432 

4 

396 

32 

0 

0 

594 

10 

45 

1 

208 

0 

0 

5 

0 

0 

33 

220 

0 

72 


397 

128 

184 

0 

29 

56 


,787 

0 

,744 

0 

0 

0 

0 

1 

0 

0 

20 

22 

0 

0 


ANIMALS. 
Rhizopoda.     Actinophrys, 


Infusoria, 


Ciliated  infusorian, 
Dinobryon,  . 
Monas,  . 
Peridinium, 
Tracheloraonas,  . 


Vermes, 


A  nurea, 
Polj'artlira,  . 
Rotatorian  ova, 
Rotifer, 


Crustacea.    Daphnia, 


0 

0 

0 

0 

126 

3 

42 

2 

0 

0 

0 

0 

124 

0 

0 

0 

0 

0 

0 

0 

2 

0 

42 

0 

0 

3 

0 

2 

0 

0 

2 

6 

0 

0 

2 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

646 

1,305 

2,518 

1,160 

Total  Organisms, 
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LEOMINSTER. 

Chemical  Examination  of  Water  from  Faucets  in  Leominster. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kksidueon 
Evapora- 
tion. 

Ammonia. 

d 

a 

0 
.12 

Nitrogen 

AS 

3 

o 
Q 

S 

03 

o 

S 
o 

6 
9 

Albuminoid. 

■S 

1 

a 

■3 

> 
0 

1   B 

a 

6553 
6625 

18 

Jan.  20 

Oct.  20 

90. 

Jan.  21 

Oct.  21 

Dist't. 
V.sl't. 

Cons. 
Slight. 

0.25 
0.45 

2.55 

1.20 

.0006 
.0008 

.0198 
.0202 

.0090 
.0162 

.0108 
.0040 

.0070 
.0080 

.0000 
.0002 

0.6 

Odor,  very  faintly  vegetable. The  samples  were  collected  from  faucets  in  the  village,  supplied 

with  vrater  from  the  Leominster  Water  Works. 

Microscopical  Examination. 

No.  5553.  Diatoraacese,  ^s<€rio?ie;ta,15;  Geratoneis,i;  Cocconema,!;  Spithemia,1;  Gonphonema, 
1;  Melosira,  12;  Meridion,  2;  Navicula,  7;  Synedra,  19;  Tabellaria,  5.  Cyanophyceas,  Calospha- 
rucm,2.  Algee,  Arthrode-smiis, 2;  Pediastnim,!;  Scenedesmus,5;  Staurastrum,!.  Fungi,  Crenothrix, 
218;  Leptothrix,  1.  Infusoria,  Dinobryon,  7;  Mo7ias,  1;  Peridinium,  3.  Vermes,  Anurea,  1.  Total 
organisms,  309. 

No.  6625.  Diatomacese,  ylsimo«e^te,  68 ;  3  felosira,  20;  Navicula,  b;  Synedra,?,;  Tabellaria,  Z%. 
Cya-nophycese,  Clathrocystis, 5.  Algen,  Oosmarium, 20;  Pediastrum,2;  Arthrodesmus,Z;  Raphidium, 
2;   Scenedesmus,S2;   Staurastrum,3.    Fangi,  Gretiothrix,  1.    Total  organisms,  257. 


Water  Supply  of  Lowell. 

Chemical  Examinatioyi  of  Water  from  the  Merrimack  Pdver  above  Lowell,  opposite 
the  Inlet  to  the  Lowell  Water  Works. 

[Parts  per  100,000.] 


4853 

4944 
5057 
5160 

5251 
5355 
5463 


18  89. 

June  18   June  20 


July  16 
Aug.  13 
Sept.  10 

Oct.  14 
Nov.  18 
Dec.  17 


July  17 
Aug.  14 
Sept.  11 

Oct.  15 

Nov.  19 
Dec.  19 


Appearance. 


Dist't. 

V.sl't. 
V.sl't. 
V.sl't 

Slight 
V.sl't 
V.sl't. 


Cons., 
earthy. 

Slight. 

Cons. 

Slight, 
earthy. 

Slight 

V.sl't. 

Slight, 

learthy 


0.25 

0.25 
0.30 
0.20 

0.70 
0.50 
0.20 


Kesidukon 
EvAPO  ra- 
tion. 


Albuminoid. 


0032 

,0032 
,0034 
.0036 

.0026 
.0008 
.0000 


.0156 

.0154 

.0168 

.0148 

.0192 

.0148 

.0156 

.0128 

.0196 

.0166 

.0126 

.0112 

.0148 

.0100 

.0002 

0020 
0044 
.0028 

.0030 
.0014 
0048 


Nitrogen 

AS 

s 
0 
a 

0 

2 

2 

.0060 

.0001 

- 

.0080 

.0002 

.14 

.0030 

.0002 

.18 

.0120 

.0001 

.18 

.0030 

.0001 

.17 

.0080 

.0001 

.14 

.0120 

.0001 
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LOWEL,!.. 

Chemical  Examination  of  Water  frorti  the  Merrimack  Biver  above  Lowell,  opposite 
the  Inlet  to  the  Lowell  Water  Works  —  Concluded. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

o 

o 
.15 

o 

i 

-    c 

a -2 

s 

1 

•5 

tn 

o 

o 

,5 
o 

Albuminoid. 

g 

g 

a 

o 

> 

o 

3 

■6 

■a 

go. 

03 

V. 

5532 

18 

Jan.  14 

90. 

Jan.  16 

V.sl't. 

V.sl't. 

0.20 

_ 

_ 

.0010 

.0074 

.0056 

.0018 

.0120 

.0001 

_ 

5652 

Feb.  12 

Feb.  13 

Dist't. 

Slight. 

0.45 

- 

- 

.0002 

.0114 

.0098 

.0016 

.12 

.0150 

.0000 

- 

5775 

Mar.  11 

Mar.  12 

Slight. 

Slight, 
clayey. 

0.25 

- 

- 

.0006 

.0082 

.0072 

.0010 

.13 

.0110 

.0000 

- 

5881 

Apr.  14 

Apr.  15 

Dist't. 

Heavy, 
earthy. 

0.20 

- 

- 

.0004 

.0132 

.0090 

.0042 

.08 

.0050 

.0000 

- 

5990 

May  16 

May  17 

Dist't. 

Heavy, 
earthy. 

0.30 

- 

- 

.0000 

.0130 

.0108 

.0022 

.11 

.0080 

.0000 

- 

6086 

June  17 

June  18 

Slight. 

Slight. 

0.30 

- 

- 

.0022 

.0132 

.0104 

.0028 

.12 

.0080 

.0002 

- 

6226 

July  14 

July  15 

Slight. 

Slight. 

0.20 

4.40 

- 

.0026 

.0156 

.0114 

.0042 

.15 

.0070 

.0003 

1.4 

6491 

Sept.  10 

Sept.  11 

Slight. 

Cons. 

0.30 

4.15 

2.40 

.0054 

.0172 

.0154 

.0018 

.16 

.0150 

.0002 

1.9 

6538 

Sept.  27 

Sept.  29 

V.sl't. 

Slight, 
earthy. 

0.40 

- 

- 

.0028 

.0168 

.0146 

.0022 

.13 

.0150 

.0002 

- 

6609 

Oct.  15 

Oct.  16 

V.sl't. 

Slight. 

0.45 

3.60 

1.20 

.0022 

.0152 

.0128 

.0024 

.13 

.0080 

.0004 

1.1 

6726 

Nov.  13 

Nov.  14 

V.sl't. 

V.sl't. 

0.40 

3.25 

1.15 

.0006 

.0132 

.0118 

.0014 

.16 

.0150 

.0000 

1.3 

6829 

Dec.  15 

Dec.  16 

V.sl't 

V.sl't. 

0.20 

3.30 

1.40 

.0018 

.0136 

.0108 

.0028 

.14 
.14 

.0180 

.0002 

1.3 

Av. 

0.32 

3.57 

1.54 

.0018 

.0142 

.0117 

.0025 

.0097 

.0001 

1.4 

Odor,  generally  faintly  vegetable,  frequently  mouldy,  occasionally  none. The  samples  were  col- 
lected from  the  river  opposite  the  inlet  to  the  Lowell  Water  Works,  one  foot  beneath  the  surface. 


Microscopical  Examijiation. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Day  of  examination. 

20 

17 

14 

11 

16 

19 

21 

16 

15 

Number  of  sample 

4853 

4944 

5057 

5160 

5251 

5355 

5463 

5532 

5652 

PLANTS. 

DiatomacesB,    .... 

4 

5 

10 

18 

14 

13 

0 

3 

9 

Asterionella 

Melosira, 

Synedra 

Tabellaria, 

2 
pr. 

2 
pr. 

0 
0 
2 
3 

pr. 
3 

2 
2 
5 
9 

2 

5 

pr. 

7 

8 
0 
2 
3 

0 
0 
0 
0 

0 
0 
3 
0 

3 
pr. 
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LOTVELL. 

Microscopical  Examination  —  Concluded. 

[iSTumber  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Kov. 

Dec. 

Jan. 

Feb. 

PLANTS  -  Con. 

Cyanophycese.   Chroococcus, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Algae.    ChlorococcuB,  . 

4 

39 

8 

16 

3 

0 

pr. 

0 

0 

Fungi.    Crenothrix,     . 

0 

0 

5 

2 

3 

pr. 

15 

0 

2 

ANIMALS. 

Infusoria.    Dinobryon,     . 

0 

22 

5 

24 

1 

2 

pr. 

1 

0 

Porifera.    Sponge  spicules, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms, 

8 

66 

28 

60 

21 

15 

15 

4 

11 

1890. 

Mar. 

April. 

May. 

June. 

July. 

Sept. 

Oct. 

Oct. 

Nov. 

Dec. 

Day  of  examination 

15 

16 

20 

18 

16 

11 

1 

17 

14 

17 

Number  of  sample,       .... 

5775 

5881 

5990 

6086 

6226 

6491 

6538 

6609 

6726 

6829 

PLANTS. 

Diatomacese, 

2 

29 

58 

13 

73 

24 

2 

0 

2 

3 

Asterionella 

Melosira 

Synedra, 

Tabellaria, 

0 
0 

2 
0 

1 

22 

5 

1 

9 

14 
31 

4 

4 
4 
5 
0 

25 

17 

26 

5 

3 
2 
4 
15 

2 
0 
0 
0 

0 
0 
0 
0 

pr. 

2 
0 
0 

0 
3 
0 
0 

Cyanophycese.     Chroococcus,    . 

0 

0 

0 

0 

5 

20 

0 

pr, 

0 

0 

AlgSB-    Chlorococcus,        .        .        . 

0 

0 

1 

0 

149 

0 

0 

0 

2 

0 

Fungi.    Crenothrix 

3 

0 

0 

pr. 

3 

2 

17 

13 

0 

0 

ANIMALS. 

Infusoria.    Dinobryon,  . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Porifera.    Sponge  spicules,    . 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

Total  Organisms,  . 

5 

29 

59 

13 

230 

46 

19 

13 

4 

3 

L 
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Water  Supply  of  Lynn. 

Chemical  Examination  of  Water  from  Breed's  Pond, 

[Parts  per  100,000.] 


Lynn. 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

* 

s 
o 

Nitrogen 

AS 

o 
o 

o 

S 
1  a 

03 

X 

5 

1 

u 

o 

o 

o 

fa 

Albuminoid.       | 

1 

!? 

i 

a 

o 

■3 
O 
5 

'6 
■a 

DP. 

t/j 

■5 

f-, 

m 
IB 

4835 

1 
18 

June  13 

89. 

June  14 

Slight. 

Slight. 

0.25 

_ 

_ 

.0002 

.0232 

.0168 

.0064 

.0020 

.0001 

- 

4950 

July  16 

July  18 

Slight. 

V.sl't. 

0.50 

- 

- 

.0024 

.0228 

.0198 

.0030 

- 

.0020 

.0001 

- 

5069 

Aug.  16 

Aug.  17 

Slight. 

Slight. 

0.50 

- 

- 

.0008 

.0232 

.0192 

.0040 

-: 

.0030 

.0001 

- 

5178 

Sept.  16 

Sept.  17 

Slight. 

Slight. 

0.65 

- 

- 

.0006 

.0220 

.0194 

.0026 

- 

.0030 

.0000 

- 

.5253 

Oct.  15 

Oct.  16 

Slight. 

Cons. 

0.30 

- 

- 

.0004 

.0272 

.0194 

.0078 

- 

.0020 

.0000 

- 

5357 

Nov.  18 

Nov.  19 

V.sl't. 

Slight. 

0.70 

- 

- 

.0000 

.0194 

.0150 

.0044 

- 

.0050 

.0001 

- 

5434 

Dec.  11 

Dec.  12 

V.  sl't. 

V.sl't. 

0.40 

- 

- 

.0012 

.0216 

.0180 

.0036 

- 

.0050 

.0000 

- 

5531 

18 

Jan.  14 

90. 

Jan.  15 

V.  sl't. 

Slight. 

0.40 

_ 

_ 

.0002 

.0148 

.0140 

.0008 

- 

.0070 

.0001 

- 

5648 

Feb.  12 

Feb.  13 

Slight. 
Slight. 

Slight. 

0.70 

- 

- 

'.0000 

.0160 

.0126 

.0034 

- 

.0060 

.0000 

- 

5767 

Mar.  11 

Mar.  12 

Slight. 

0.45 

- 

- 

.0002 

.0140 

.0080 

.0060 

.43 

.0020 

.0001 

- 

5891 

Apr.  15 

Apr.  16 

Slight. 

Cons., 
earthy. 

0.30 

- 

- 

'.0000 

.0158 

.0118 

.0040 

.39 

.0030 

.0000 

- 

5984 

May  14 

May  16 

DiBt't. 

Cons. 

0.30 

- 

- 

.0004 

.0176 

.0132 

.0044 

.37 

.0030 

.0000 

- 

6091 

June  18 

June  19 

Slight. 

Slight. 

0.40 

- 

- 

.0000 

.0182 

.0154 

.0028 

.36 

.0030 

.0001 

- 

6239 

July  15 

July  16 

Slight. 

Slight. 

0.25 

3.15 

- 

.0014 

.0224 

.0150 

.0074 

.42 

.0000 

.0000 

1.3 

6412 

Aug.  14 

Aug.  15 

Slight. 

Slight. 

0.35 

3.25 

1.50 

1.0024 

.0242 

.0188 

.0054 

.47 

.0050 

.0002 

1.3 

6504 

Sept.  10 

Sept.  11 

Dist't. 

Slight. 

- 

- 

'.0004 

.0244 

.0174 

.0070 

.43 

.0080 

.0001 

1.4 

6594 

Oct.  14 

Oct.  15 

V.sl't 

V.sl't. 

0.40 

3.30 

1.35 

.0042 

.0192 

.0152 

.0040 

.38 

.0080 

.0002 

0.9 

6711 

Nov.  11 

Nov.  11 

V.sl't 

None. 

0.60 

4.40 

1.95 

.0054 

.0214 

.0194 

.0020 

.45 

.0070 

.OOQl 

0.9 

6807 

Dec.  10 

Dec.  11 

V.sl't 

V.sl't. 

0.50 

3.55 

1.25 

'.0016 

.0274 

.0248 

.0026 

.43 
.41 

.0100 

.0002 

1.1 

Av 

0.44 

3.62 

1.51 

'.0011 

1 

.0208 

.0165 

.0043 

.0044 

.0001 

1.1 

Odor,  generally  distinctly  vegetable  and  frequently  also  disagreeable;  rarely  none. The  samples 

were  collected  from  the  pond  near  the  gate  house,  at  a  depth  of  about  one  foot  beneath  the  surface. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 
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Day  of  examination, 
Number  of  sample, 


June.    July.    Aug.     Sept.      Oct.     Nov.     Dec 


15 

4835 


18 

4950 


17 

5178 


17 
5253 


21 

5357 


14 

5434 


Jan.     Feb.     Mar. 


16 
5531 


15 

5648 


14 

5767 


PLANTS. 

Diatomacese, . 

Asterionella,     . 
Melosira,  . 
Synedra,  .        . 
Tabellaria, 

Cyanophycese, 

Anabaena, 
Clathrocystis,  . 

Algse,  .... 

Chlorococcus,  . 
Raphidium, 
Staurastrum,    . 

ANIMALS. 

Rhizopoda, 

Actinophrys,    . 
Diiiiugia,  . 

Infusoria, 

Diuobryon, 
Monas, 
Peridinium, 
Trachelomonas, 

Vermes.    Anurea,  . 

Crustacea.    Cyclops, 


20 

1 

pr. 

35 

0 
0 
0 


50 

4 

0 

pr. 

46 

0 
0 
0 


118 

0 

0 

0 

118 


354 

58 

0 

pr. 

296 

1 

0 
1 

67 

43 
16 


560 

476 
0 
16 


473 

376 

0 

57 

40 


608 

460 
0 
84 
64 


669 

628 

0 

17 

24 


332 

272 
0 
4 
56 


pr. 
0 
0 

pr. 

pr. 

pr. 


Total  Organisms, 


52 


123 


423   564   485 


674 


351 


1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. ' 

Dec. 

Day  of  examination. 

Number  of  sample 

19 
5891 

24 
5984 

19 
6091 

16 
6239 

18 
6412 

13 

6504 

16 
6594 

12 
6711_ 

12 
6307 

PLANTS. 

Diatomacese,      .... 

Asterionella 

Melosira 

Synedra, 

Tabellaria 

Cyanophycese,  .... 

Anabsena 

Clathrocystis 

Algse, 

Chlorococcus 

Raphidium, 

Staurastrum 

222 

102 
0 
12 

108 

0 

0 
0 

1 

1 

0 
0 

702 

416 

0 

34 

252 

4 

4 
0 

0 
0 
0 
0 

64 
11 

0 

0 

53 

1 
1 
0 

5 
5 
0 
0 

30 
4 
0 
4 

22 

34 

4 
30 

18 

8 
8 
2 

8 

4 
0 
4 
0 

0 
0 
0 

0 

0 
0 
0 

84 

34 

48 
0 

2 

0 
0 
0 

8 

6 
0 
2 

0 

0 
0 
0 
0 

0 

0 
0 

0 

0 
0 
0 

8 

2 
5 
0 
1 

0 

0 
0 

0 

0 
0 
0 

37 

37 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April.  I   May. 


Aug. 


Sept. 


ANIMALS. 
Rhizopoda,  . 

Actinophrys, 
Difliugia, 

Infusoria,     . 

Dinobryon,  . 
Monas,  .        .        .        . 
Peridinium,  . 
Trachelomonas,    . 

Vermes.    Anurea, 

■Crustacea.    Cyclops, . 


pr. 


38 


Total  Organisms, 


22T         706 


15 


Chemical  Examination  of  Water  from  Birch  Pond,  Lynn. 

[Parts  per  100,000.] 


Residue  on 

DAT 

E  OF 

Appearance. 

Evapora- 
tion. 

Ammonia. 

o 

Nitrogen 

AS 

c 
.2 

_s 

is 

s 

3 

.1 
5 

o 
o 

i 

Albuminoid. 

1 

S 
i 

i 
s 

o 

•6 
> 

1  c 

^■ 

O 

w 

B 

03 

^ 

E- 

h 

H 

Q 

02 

O 

'A 

'A 

w 

i 
1889. 

4834 

June  13  !  June  14 

Slight.  Slight. 

0.20 

- 

- 

.0022 

.0232 

.0204 

.0028 

_ 

.0020 

.0000 

_ 

49!i1 

July  16 

July  18 

Dist't.  Slight. 

0.20 

- 

- 

.0026 

.0278 

.0230 

.0048 

_ 

.0020 

.0001 

- 

.■iOfiS 

Aug.  16 

Aug.  17 

Dist't.  Cons. 

0.20 

- 

- 

.0034 

.0264 

.0224 

.0040 

_ 

.0040 

.0000 

_ 

f>M9 

Sept.  16 

Sept.  17 

Dist't.  Slight. 

0.35 

- 

- 

.0034 

.0284 

.0204 

.0080 

_ 

.0000 

.0001 

- 

S?.i4 

Oct.  15 

Oct.  16 

Slight.' Slight.  0.40 

_ 

- 

.0000 

.0220  .0182 

.0038 

_ 

.0)20 

.0000 

- 

^?>n(S 

Nov.  18 

Nov.  19 

V.sl't.  Slight.' 0.35 

_ 

- 

.0004 

.0244 

.0174 

.0070 

_ 

.0070 

.0002 

_ 

5435 

Dec.  U 
18 

Dec.  12 
90. 

V.sl't.  V.sl't. 

0.25 

" 

.0024 

.0248 

.0206 

.0042 

~ 

.0150 

.0001 

" 

.5580 

Jan.  14 

Jan.  15 

V.sl't.  V.sl't. 

0.30 

_ 

_ 

.0008 

.0222 

.0164 

.0058 

_ 

.0090 

.0001 

- 

5R47 

Feb.  12 

Feb.  13 

V.sl't.!  V.sl't. 

0.40 

- 

- 

.0028 

.0160 '.0144 

.0016 

_ 

.0150 

.0001 

- 

5766 

Mar.  11 

Mar.  12 

Slight.!  V.sl't. 

0.40 

_ 

_ 

.0004 

.0182 '.0130 

.0052 

.43 

.0060 

.0002 

_ 

5890 

Apr.  15 

Apr.  16 

V.  sl't.:  Slight. 

0.20 

- 

_ 

.0000 

.0180 

.0146 

.0034 

.40 

.0090 

.0001 

_ 

.5985 

May  14 

May  16 

Slight.' Cons. 

0.20 

- 

- 

.0040 

.0178 

.0166 

.0012 

.42 

.0080 

.0001 

- 

fioan 

June  18 

Juue  19 

Dist't.'  Slight. 

0.20 

- 

- 

.0008 

.0246 

.0158 

.0088 

.40 

.0020 

.0001 

- 

6241 

July  15 

July  16 

1  Slight.,  Slight. 

0.20 

3.20 

- 

.0008 

.0222 

.0180 

.0042 

.44 

.0000 

.0001 

0.9 

6409 

Aug.  14 

Aug.  15 

I  Slight.' Cons. 

0.40 

3.35 

1.60 

.0004 

.0292 

.0204 

.0088 

.42 

.0000 

.0002 

1.1 

6503 

Sept.  10 

Sept.  11 

Dist't.  Slight. 

0.30 

■ 

- 

.0002 

.0316 

.0222 

.0094 

.43 

.0150 

.0001 

1.3 

6593  1  Oc't.  14 

Oct.  15 

'Slight.' Slight. 

0.60 

3.25 

1.20 

.0004 

.0274 

.0224 

.0050 

.38 

.0070 

.0001 

0.9 

6713 

Nov.  11 

Nov.  12 

V.sl't. 

V.sl't. 

0.60 

3.80 

1.30 

.0022 

.0204 

.0182 

.0022 

.46 

.0100 

.0001 

0.9 

6806 

Dec.  10 

Dec.  11 

Slight. 

Slight. 

0.50 

3.90 

1.30 

.0030 

.0252 

.0224 

.0028 

.42 

.0250 

.0001 

1.1 

Av. 

0.33 

3.57 

1.35 

.0016 

.0237 

.0188 

.0049 

.42 

.0073 

.0001 

1  0 

Odor,  generally  faintly  vegetable,  occasionally  unpleasant,  rarely  none. The  samples  were  col- 
lected from  the  pond  near  the  gate-house,  at  a  depth  of  one  foot  beneath  the  surface. 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE. 

Microscopical  Examination,  ' 

[Number  of  organisms  per  cubic  centimeter.] 
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1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Day  of  examination, 

15 

18 

16 

17 

17 

20 

14 

16 

15 

Number  of  sample,  .... 

4834 

4951 

5068 

5179 

5254 

5356 

5435 

5530 

5647 

PLANTS. 

Diatomacese 

1 

419 

365 

509 

272 

588 

228 

30 

10 

Asterionella,        .... 

Melosira 

Navlcula, 

Synedra 

Tabellaria, 

0 
1 
0 
0 
pr. 

272 
0 
0 
0 

147 

50 
9 

4 

0 

302 

286 
6 
0 
0 

217 

211 
0 
0 

1 
60 

44 

0 

0 

0 

544 

78 

0 

0 

0 

150 

15 
0 
0 
0 

15 

10 
0 
0 
0 
0 

CyanophycesB, 

pr. 

12 

2 

5 

0 

1 

0 

0 

0 

Chroococcus 

Clathrocystis,      .... 

0 
pr. 

9 
3 

0 
2 

0 
5 

0 
0 

0 
1 

0 
0 

0 
0 

0 
0 

Algse, 

pr. 

10 

41 

41 

5 

49 

0 

pr. 

0 

Artbrodesraus,     .... 

Cliaracium 

Chlorococcus,      .... 

Rapbidium 

Staurastrum 

0 
0 
0 
0 
pr. 

2 
0 
4 
0 
4 

0 
0 
38 
0 
3 

1 

0 

40 

0 

0 

pr. 
0 
0 
5 

pr. 

2 

0 

23 

18 

6 

0 
0 
0 
0 
0 

0 
0 
0 
0 
pr. 

0 
0 
0 
0 
0 

ANIMALS. 

Rtlizopoda.     Actinophrys, 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

Infusoria 

pr. 

pr. 

49 

15 

1 

0 

5 

2 

pr. 

Dinobryon, 

Monas 

Peridinlum 

Trachelomonas 

0 

0 

0 

pr. 

0 
0 

pr. 

pr. 

49 

0 

pr. 

pr. 

2 

0 

1 

12 

0 
1 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

0 
0 
2 
0 

0 

0 

pr. 

0 

Vermes, 

pr. 

0 

0 

pr. 

0 

1 

0 

pr. 

2 

Anurea 

Triarthra,     .        .        .~      . 

pr. 
0 
0 

0 
0 
0 

0 
0 
0 

0 
pr. 

0 

0 
0 
0 

1 

0 
0 

0 
0 
0 

pr. 
0 
0 

0 
0 

Crustacea.    Cyclops, 

pr. 

0 

0 

pr. 

0 

0 

0 

pr. 

0 

Total  Organisms,  . 

1 

441 

457 

570 

278 

639 

233 

32 

12 
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L,Y]snsr. 

Microscopical  Examination —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Mar. 


April. 


May. 


July. 


Aug. 

Sept. 

Oct. 

Nov. 

18 

13 

16 

12 

6409 

6503 

6593 

6713 

Dec. 


Day  of  examination, 
Number  of  sample, 


14 

5766 


19 

5890 


17 

5985 


24 
6090 


16 
6241 


12 
6806 


PLANTS. 
Diatomacese,  . 


Asterionella, 
Melosira,   . 
Navicula,  . 
Synedra,    . 
Tabellaria. 


Cyanophycese, 


Chroococcus, 
Clathrocystis, 


Alg'se, 


Artlirodesmus, 

Characiura, 

Chlorococcus, 

Rapbidium, 

Staurastrum, 


49 


216 

138 
4 
0 

pr. 

74 


352 

14 
5 

pr. 
6 

327 


178 

0 

22 

0 

788 


140 


450 

168 

191 

188 
4 
0 
6 

252 

33 

4 

1 

0 

130 

66 

7 

0 

2 

116 

8 

16 

0 

0 

8 

8 
8 

0 
0 

2 

6 

0 

0 
0 
0 
0 

2 

0 
0 

1 

4 

1 

0 
0 
0 
0 
0 

0 

0 

4 

28 

0 

2 

28 
0 
0 
0 

0 
0 
0 
0 

0 
0 
2 
0 

0 

0 

pr. 

0 
0 
0 

0 
0 
0 

pr. 

^^6 

0 

0 

pr. 

488 

190 

197 

494 

250 

0 

0 

28 

216 


ANIMALS. 
Rhizopoda.    Actinophrj 


Infusoria, 


Dinobryon, 
Monas, 
Peridinium, 
Trachelomoaas, 


Vermes, 


Anurea,  . 
Polj'arthra, 
Triartbra, . 


Crustacea.    Cyclops, 


50 


26 


24 

0 

2 

pr. 


28 


0        pr. 


Total  Organisms, 


57       268 


116    1,162 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE. 


187 


LYNisr. 


Chemical  Examination  of  Water  from  Olen  Lewis  Pond,  Lynn. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Uksidueon 
Evapora- 
tion. 

Ammonia. 

a 

o 

Nitrogen 

as 

c 

o 

o3 

S 

*3 

a 
o 
3 

u 

o 

3 

Albuminoid. 

2 

1 

.a 

a 

?. 

•6 
> 

■6 
"S 

M  3 

V 

3 

» 

O 

H 

H 

cc 

o 

H 

^ 

f^ 

i-< 

a 

tc 

Q 

t^i 

Zi 

K 

18 

00. 

! 

5529   Jan.  14 

Jan.  15 

V.sl't. 

Slight. 

0.60 

5.10 

1.75 

.0010 

.0178 

.0130 

.0048 

.38 

.0040 

.0000 

- 

5650  1  Feb.  12 

Feb.  13 

V  sl't. 

V.sl't. 

0.80 

4.00 

1.40 

.0000  .0128 

.0102  .0026 

.36 

.0050 

.0000 

- 

5768   Mar.  11 

Mar.  12 

Slight. 

Cous. 

0.55 

4.10 

1.90 

.0000  .0244 

.0118  .0126 

.36 

.0040 

.0001 

- 

5882    Apr.  14 

Apr.  16 

V.sl't. 

Slight. 

0.40 

- 

- 

.0000  .0186 

.0128  .0058 

.35 

.0020 

.0000 

- 

5986   May  14 

May  16 

Slight. 

Cons. 

0.30 

- 

- 

.0004  .0174 

.0144  1.0030 

.36 

.0080 

.0001 

- 

6093 

June  18 

June  19 

Dec'd. 

Cons. 

0.50 

- 

- 

.0030 

.0296 

.0212  1.0084 

.34 

.0000 

.0000 

- 

6240 

July  15 

July  16 

Deo'd. 

Slight. 

0.45 

4.45 

- 

.0076 

.07.58 

.0296 '.0462 

.37 

.0020 

.0000 

1.1 

6410 

Aug.  14 

Aug.  15 

Slight. 

Cons. 

1.20 

5.35 

3.15 

.0632 

.0624 

.0554 '.0070 

.38 

.0050 

.0003 

1.1 

6440 

Aug.  25 

Aug.  26 

Dist't. 

Cons. 

1.10 

- 

_ 

.06.32 

.0902 

.0746 '.0156 

.36 

.0150 

.0002 

- 

6441 

Aug.  25 

Aug.  26 

Dist't. 

Slight. 

1.00 

- 

- 

.0720 

.0694 

.05341.0110 

- 

.0070 

.0001 

- 

6502 

Sept.  10 

Sept.  11 

Dist't. 

Slight. 

1.00 

_ 

_ 

.1390 

.0636 

.0558   .0078 

.40 

.0130 

.0002 

1.4 

6592 

Oct.   14 

Oct.   15 

Slight. 

Slight 

1.20 

5.65 

3.00 

.1112 

.0704 

.0568:. 0136 

.31 

.0080   .0005 

l.i 

6714 

Nov.  11 

Nov.  12 

V.  sl't. 

V  sl't. 

1.40 

4.80 

2.15 

.0740 

.0438 

.0388 i. 0050 

.40 

.0080   .0003 

0.8 

6805 

Dec.  10 

Dec.  11 

Slight. 

Cons. 

0.75 

4.90 

2.10 

.0954 

.0836 

.0630 

.0206 

.33 
.36 

.0120  .0002 

1 

0.9 

Av. 

0.76 

4.84 

2.21 

.0412 

.0445 

.0327 

.0118 

.0063  .0001 

1  0 

Odor,  generally  distinctly  vegetable,  often  grassy,  frequently  unpleasant;  when  heated,  the  odor  is 
much  increased  and  frequently  disagreeable. The  samples  were  collected  from  the  pond  near  the  gate- 
house, at  a  depth  of  one  feot  beneath  the  surface,  with  the  exception  of  No  6141,  which  was  collected  near 
the  bottom. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.         Feb.         Mar.        April.       May.        June.       July, 


Day  of  examination, 

Number  of  sample, 

PLANTS 

Diatomacese,    . 

Asterionell.i, 

Slephanodiscus, 

Synedra, 

Cyanophycese, 

Anabajna,   . 
Aphanocapsa,     . 
Chrobcoccus, 
Clathrocystis,     . 
Nostocaceous  spores, 

Algse,    .... 

Chlorococcus, 
Eudorina,    . 
Pandorina, . 
Sorastrum,. 
Volvox, 
Zoospores, . 


15 

5529 


15 

5650 


14 

5768 


16 

5882 


17 

5986 


24 
6093 


16 
6240 


0 

0 

pr. 


0 
0 
0 
0 
0 

pr. 
0 
0 
0 
0 
0 

pr. 


46 

20 

0 

26 

1,772 

0 
0 
1,772 
0 
0 


12,530 

12,530 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 


0 
0 
0 

2,303 

2,080 

0 

0 

8 

215 

131 
118 
0 
13 
0 
0 
0 
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Mici^oscopical  Examination  —  Continued. 

[Number  of  organisms  per  cubic  centimeter.] 


[Pub.  Doc. 


April. 


May. 


July. 


PLANTS  — Con. 
Fungi, 

Crenothrix, 
Leptothrix, 

ANIMALS. 
Infusoria,  .... 
Cryptomonas,     . 
Dinobryon, 

Monas 

Peridinium, 

Synura,       .... 

Vermes.    Anurea,     .  • 

Crustacea, 

Daphnia,     .        .        .        . 
Moina,         .... 


32 


46 


774 

0 

772 
0 
0 
2 


Total  Organisms, 


783 


1,874 


12,530    !   2,452 


Aug. 


Aug. 


Sept. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,    . 

Aslerionella, 

Siephanodiscus, 

Synedra, 

Cyanophycese, 

Anabsena,    . 
Aphanocappa, 
Chroococcus, 
ClatLirocystis, 
Nostocaceous  spores, 

Igae,    .... 

Chlorococcus,     . 
Eudovina,    . 
Pandorina, . 
Sorastrum, . 
Volvox, 
Zoospores,  .        , 

Fungi 

Crenothrix, 
Lei)toihrix, 


18 
6410 


27 
6440 


27 
6441 


13 
6502 


16 
6592 


12 

6714 


12 

6805 


332 

164 
168 
0 
0 
0 
0 


156 


156 
0 


208 

34 
112 

62 
0 
0 


200 


312 


156 
156 


263 

238 
2 
0 
23 
0 
0 


60 


452 

452 
0 
0 
0 
0 
0 


136 

135 
0 
0 
0 
0 
0 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE. 

Mic?vscopical  Exami7iation —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 
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Aug.        Aug.        Aug.         Sept.         Oct.         Nov.         Dec 


ANIMALS. 
Infusoria,  . 

Cryptomonas,     . 

Dinobryon, 

Monas, 

Peridinium, 

Synura, 

Vermes.    Anurea,     . 

Crustacea, 

Dapliuia, 
Moina, 


pr. 
pr. 


536 

536 
0 
0 
0 
0 


Total  Organisms, 


Chemical  Exaviination  of  Water  from 

[Parts  per  100,000.] 


Walden  Pond,  Lynn, 


Datk  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

NiTBOGKN 
AS 

a 

-: 

Albuminoid.       | 

g 

S 

1  ^ 

a- 

S 

a 

u 

^ 

O  tc 

■3 

> 
0 

-3 

•a 

6 

a 

rt 

2 
■3 

o 

3 

o 

a 

o 

0 

iz; 

O 

H 

Eh 

05 

U 

H 

>A 

fe 

EH 

a 

cc 

U 

IS  90. 

5528 

Jan.  14 

Jan.  15 

V.sl't. 

V.sl't. 

1.00 

4.25 

2.20 

.0012 

.0194 

.0178 

.0016 

.36 

.0040 

.0000 

- 

5649 

Feb.  12 

Feb.  13 

Slight. 

Cons. 

1.20 

4.30 

2.10 

.0000 

.0246 

.0170 

.0076 

.36 

.0060 

.0000 

- 

5769 

Mar.  11 

Mar.  12 

Slight. 

Slight. 

0.90 

4.60 

1.75 

.0002 

.0262 

.0182 

.0080 

.34 

.0040 

.0001 

- 

5883 

Apr.  14 

Apr.  16 

Slight. 

Cons. 

0.45 

- 

- 

.0004 

.0206 

.0156 

.0050 

.32 

.0040 

.0000 

- 

5987 

May  14 

May  16 

Slight. 

Slight. 

0.80 

- 

- 

.0022 

.0196 

.0164 

.0032 

.34 

.0070 

.0000 

- 

6092 

June  18 

June  19 

Slight. 

Slight. 

0.90 

- 

- 

.0094 

.0258 

.0234 

.0024 

.32. 

.0000 

.0001 

- 

6238 

July  15 

July  16 

Slight. 

V.sl't 

0.80 

4.50 

- 

.0110 

.0382 

.0346 

.0036 

.34 

.0000 

.0001 

1.3 

6411 

Aug.  14 

Aug.  15 

Slight. 

Cons. 

1.10 

5.20 

- 

.0644 

.0610 

.0494 

.0116 

.35 

.0050 

.0002 

0.9 

6438 

Aug.  25 

Aug.  26 

IDist't. 

Cons. 

1.30 

- 

- 

.0576 

.0746 

.0560 

.0186 

.35 

.0080 

.0002 

- 

6439 

Aug.  25 

Aug.  26 

Dist't. 

Slight. 

1.20 

- 

- 

.0640 

.0634 

.0532 

.0102 

- 

.0080 

.0002 

- 

6520 

Sept.  16 

Sept.  17 

Slight. 

Cons. 

1.30 

- 

- 

.0126 

.0766 

.0562 

.0204 

.26 

.0020 

.0003 

- 

6591 

Oct.   14 

Oct.  15 

V.Bl't 

Slight. 

1.40 

5.70 

3.25 

.0526 

.0552 

.0498 

.0054 

.33 

.0080 

.0002 

1.3 

6712 

Nov.  11 

Nov.  12 

V.sl't. 

V.sl't. 

1.60 

5.55 

2.90 

.0940 

.0642 

.0540  .0102 

.41 

.0070 

.0003 

1.1 

6804 

Dec.  10 

Dec.  11 

V.sl't. 

V  sl't. 

1.20 

5.50 

3.00 

.0718 

.0610 

.0498  .0112 

.36 
.34 

.0200 

.0001 

0.9 

Av. 

1.06 

4.98 

2.53 

.0292 

.0432 

.0351   -00S1 

.0057 

.0001 

1.1 

1 

Odor,  generally  vegetable,  frequently  unpleasant,  rarely  none;  when  heated,  the  odor  is  much 
increased  and  frequently  disagreeable. The  samples  were  collected  from  the  pond  near  the  gate- 
house, at  a  depth  of  one  foot  beneath  the  surface,  with  the  exception  of  No.  6439,  which  was  collected 
at  about  two  feet  above  the  bottom. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


[Pub.  Doc. 


1890. 


April. 


May. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,    .       .       .       . 

Asterionella,       .        .        .      .  . 

Melosira, 

Stephanodiscus, 
Synedra,     .        .        .        . 
Tabellaria, 

Cyanophycese.    Chroococcuf 

Algae 

Chlorococcue 

Closterium,  .        .        .        . 

Coela^trum,  .        .         .        . 

Eudorina, 

Sorastrum 

Staurastrum 

Fungi, 

Crenothrix,         .        .        .        . 
Leptothrix,         ,        .        .        . 

ANIMALS. 
Rhizopoda,       .       .       .       . 

Arcella, 

Difflugia, 

Infusoria, 

Dinobryon,  .        .        .        . 

Peridinium,         .        .        .        . 

Synura, 

Trachelomonas, 

Vermes 

Anui'ca, 

Asplanchna 

Monocerca,         .        .        .        . 

Pedalion, 

Polyarthra,         .        .        .        . 

Crustacea,        .       .       .       . 

Cyclops, 

Daphnia 

Moina, 

Porifera.    Sponge  spicules, 
ToTAi  Organisms, 


16 

5528 


15 

5649 


14 

5769 


16 

5883 


17 

5987 


24 

6092 


pr. 
0 
3 
1 
0 


181 

2 
0 
0 
177 
2 


130 

5 
0 
0 
121 
4 


109 


14 


pr. 
0 
3 
0 


pr. 
0 
0 
0 


pr. 

0 
0 


pr. 
0 
0 
0 
0 


pr. 
0 
0 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


191 


Aug. 


Aug. 


Sept. 


Day  of  examination, 
Number  of  sample,         . 

PLANTS. 
Diatomaceae,   .       .       .       . 

Asterionella 

Melosira, 

Stephanodiscus, 

Synedra, 

Tabellaria, 

Cyanophycese.    Chroococcuf 

Alg-se, 

Chlorococcus 

Closterium,         .        .        .        . 
Ccelastrum,  .        .        .        . 

Eudorlna, 

Sorastrum, 

Staurastrum,      .        .        .        . 

Fungi, 

Crenothris,         .        .        .        . 
Leptothrix,         .        .        .        . 

ANIMALS. 
Khizopoda,       .       .       .       . 

Arcella 

Difflugia 

Infusoria 

Dinobryon,         .        .        .        . 
Peridinium,         .        .        .        . 

Synura, 

Trachelomonas, 

Vermes, 

Anurea, 

Aeplancbna 

Monocerca,  .        .        .        . 

Pedalion 

Polyarthra 

Crustacea,        .       .       .       . 

Cyclops, 

Daphiiia 

Moiiia, 

Porifera.    Sponge  spicules, 


18 
6411 


26 
6438 


27 
6439 


17 
6520 


16 

6591 


12 
6712 


12 

6804 


102 

14 
56 
0 
8 
10 
14 


27B 


276 
0 


424 

0 

5 

0 

120 

292 

7 


203 

56 
0 
0 
0 
146 
1 


1,033 

3 

0 

0 

636 

356 

38 


20 


2 

0 

pr. 


pr. 

0 
0 


pr. 
pr. 


pr. 
pr. 


pr. 


Total  Organisms, 


271 


1,072 


21 
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Chemical  Examination  of  Water  from  the  Canal,  Lynn  Water  Woi'ks. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

6 

Nitrogen 

AS 

o 

o 

^ 

^ 

3 

Albuminoid. 

■d 

■c 

» 

1 

3 

o 

S-2 

a 

S 

3 

a 

■3 

o 

"3 

05, 

Ii 

B 

> 

0 

•0 
1  c 

§  0. 

a 
0 

1 

'u 

■3 

'A 

Q 

W 

H 

05 

O 

H 

iJ 

Eh 

H 

s 

M 

0 

K 

'A 

tn 

1889. 

5376 

Nov.  21   Nov.  22 

V.sl't. 

V.sl't. 

1.3 

5.20 

2.70 

.0000 

.0228 

.0220 

.0008 

.34 

.0020 

.0003 

- 

Odor,  distinctly  vegetable. The  sample  was  collected  from  the  canal  which  conveys  water  from 

Hawkes  and  Penny  brooks  to  Birch  Pond  and  the  pumping-station. 

Microscopical  Examiiiation. 

Diatomaceae,  J/etosiVa,  pr, ;  Navicula, ipr.;  Synedra,Z.    Fungi,  CrewoiAria;,  15 ;  Leptothrix,!.    Total 
organisms,  19. 


Table  Showing  the  Average  Height  of  Water  in  the  Ponds  and  Storage  Reservoirs 
of  the  Lynn  Water  Works,  during  the  Weeks  in  which  Samples  of  Water  tvere 
collected  for  Analysis. 


Week  Ending 


Brbed's  Pond. 

High  Water, 

21.00. 


Birch  Pond. 

High  Water, 

21.75. 


Waldbn 

Pond. 

High  Water, 

16.00. 


Glen  Lewis 

Pond. 
High  Water, 

16,00. 


1889. 

June  17,      . 

July    16,      .        .        . 
Aug.  21,      ...        . 
Sept.  21,      . 
Oct.     19,      . 

Nov.  21 

Dec.    16,      . 

1890. 

Jan.     20 

Feb.    12 

Mar.    12,      . 

April  16,      ...        . 

May    14,      . 

June  23 

July    21 

Aug.  18 

Aug.  25,      . 

Sept.  15 

Sept.  22 

Oct.    20,      ...        . 

Nov.    17 

Dec.    15 


21.1 
18.6 
20.0 
19.0 
16.1 
16.1 
19.6 

19.3 
18.5 
19.7 
20.9 
20.7 
20.0 
19.2 
17.3 
16.3 
15.8 
16.2 
17.0 
19.4 
19.9 


22.0 
21.7 
20.3 
18.0 
18.0 
18.7 
20.3 

20.6 
20.4 
21.0 
22.0 
22.3 
22.7 
19.1 
16.7 
16.5 
15.2 
14.0 
11.1 
12.6 
13.6 


8.8 
10.0 
11.9 
16.2 
16.9 
17.1 
16.6 
16.3 
16.1 
15.9 
16.0 
16.8 
17.2 
16.8 


13.8 
14.9 
16.9 
17.3 
17.3 
17.2 
16.9 
17.0 
17.0 
17.1 
17.1 
16.0 
17.1 
17.3 
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Lynnfield. 

Chemical  Examination  of  Water  from  PiHing''s  Pond,  in  Lynnfield. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

0 

0 
5 

0 

.33 

Nitrogen 

AS 

c 

o 

o 

1 
■3 

o 

2 

o 

1 

OD  1— 1 

3 

S 

Albuminoid. 

"ci 

.1 

B 

p 

•6 

> 
0 

s 

•6 
•§ 

1  c 
3  a 

a 

'2 
a 

4916 
4960 
5009 
5086 
5121 
5177 
5200 

18 

July    6 

July  19 

Aug.   2 
Aug.  19 
Aug.  30 
Sept.  13 
Sept.  23 

89. 

July    9 

July  20 
Aug.   3 
Aug. 21 
Sept.   3 
Sept.U 
Sept.  25 

Slight. 
Dist't. 
Slight. 
Slight. 
Dist't. 
Slight. 
Dist't. 

V.sl't. 
Slight. 
V.sl't. 
V.el't. 
Slight. 
Slight. 
Slight. 

0.90 
0.70 
0.70 
0.80 
0.90 
0.80 
0.50 

9.45 

4.70 

.0032 
.0010 
.0018 
.0016 
.0016 
.0016 
.0012 

.0400 
.0400 
.0366 
.0386 
.0366 
.0376 
.0294 

.0340 
.0324 
.0298 
.0310 
.0290 
.0338 
.0276 

.0060 
.0076 
.0068 
.0076 
.0076 
.0038 
.0018 

.0030 
.0050 
.0020 
.0080 
.0040 
.0020 
.0020 

.aooi 
.0001 
.0002 
.0000 
.0000 
.0001 
.0001 

3.6 

Av. 

0.76 

- 

- 

.0017 

.0370 

.0311 

.0059 

.0037 

.0001 

.. . . .    ... 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  pond,  near  the  outlet. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


July. 


Aug. 


Aug.         Sept.        Sept 


Sept. 


Day  of  examination, 
Number  of  sample, 


20 
4960 


3 

5009 


22 
5086 


6 
5121 


17 
5177 


26 

5200 


PLANTS. 


Diatoniaceee, 


Melosira, 
Synedra, 


Algse, 


Characium, 
Ohlorococcus, 


pr. 


25 


ANIMALS. 


Infusoria, 


Ciliated  iufusorian, 
Peridiuium, 


Vermes, 


Polyarthra, 
Rotatorian  ova, , 


pr. 


pr. 
0 


0 
pr. 


Total  Organisms, 


24 


28 
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liYiSrNT'IEIjD. 

Chemical  Examination  of  Water  from  Suntaug  Lake,  in  Lynnfield, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

a 
0 
0 

Nitrogen 

AS 

.2 
o 

i 

.1 

•a 
3 
s 

a 

CO 

u 

"3 

■3 

c 
_o 

0 

Albuminoid. 

"a 

u 

S 

0 

■d 
> 
0 

5 

■6 

■0 

1  s 

3  P. 
OB 

1 

1889. 

4571 

Apr.  24 

Apr.  26 

V.sl't. 

Slight. 

0.00 

3.70 

1.30 

.0036 

.0240 

.0202 

.0038 

.61 

.0090 

.0001 

- 

4715 

May  22 

May  23 

Slight. 

V.sl't. 

0.00 

3.40 

1.05 

.0024 

.0176 

.0126 

.0050 

.60 

.0030 

.0000 

- 

4875 

June  23 

June  25 

V.Bl't. 

V.sl't. 

0.00 

3.45 

0.80 

.0010 

.0160 

.0152 

.0008 

- 

.0030 

.0000 

- 

4997 

July  30 

July  31 

V.sl't. 

Slight. 

0.00 

- 

- 

.0008 

.0186 

.0154 

.0032 

- 

.0030 

.0000 

- 

5091 

Aug.  21 

Aug.  22 

Slight. 

V.sl't. 

0.02 

- 

- 

.0000 

.0182 

.0140 

.0042 

- 

.0030 

.0000 

1.8 

5203 

Sept.  26 

Sept.  30 

Slight. 

Cons. 

0.05 

- 

- 

.0004 

.0152 

.0136 

.0016 

- 

.0020 

.0000 

- 

Av. 

0.01 

3.52 

1.05 

.0014 

.0183 

.0152 

.0031 

- 

.0038 

.0000 

Odor,  generally  faintly  vegetable,  frequently  disagreeable. The  samples  were  collected  from 

the  lake. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


May. 


Aug. 


Day  of  examination,        . 
Number  of  sample, 

PLANTS. 
DiatomaceaB,    . 

Melosira, 
Stephanodiscus,  . 
Synedra, 
Tabellaria,  . 

Cyanopliycese, 

Aphanocapsa, 
Chroococcus, 
Olathrocystis, 
Ccelosphaerium,  . 

Algse.    Chlorococcus, . 

ANIMALS 
Infusoria,    . 

Dinobryon, . 
Peridinium, 

Total  Organisms, 


27 
4571 


23 
4715 


25 
4875 


1 

4997 


22 
5091 


1 
5203 


0 

2 

pr. 


pr. 
pr. 


0 

63 

0 

0 

0 
0 

^^6 

120 


120 
0 


pr. 


63 


178 
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MAI,DE]Sr. 

Water  Supply  of  Maldex,  Medford  and  Melrose. 

Chemical  Examination  of  Water  from  Spot  Pond,  Stoneham. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 

NlTKOGEN 

AS 

a 
o 

S 

^ 

a 

c 
a 

Albuminoid.      | 

■d 

•a 

s 

J3 

•a 

.1 

c 

o 

"3 

og 

o 

■3 

0 

■e 

a 
0 

S 

1 

X 

o 

0 

^ 

o 

W 

&H 

05 

u 

H 

h-I 

6^ 

H 

a 

CO 

0 

^ 

,  'A 

s 

1889. 

' 

4802 

June    6 

June    7 

Slight. 

Slight. 

0.30 

- 

- 

.0000 

.0212 

.0190 

.0022 

.40 

.0020 

.0001 

- 

4908 

July    3 

July    5 

Slight. 

Cods. 

0.20 

- 

- 

.0070 

.0328 

.0242 

.0086 

- 

.0080 

.0001 

- 

5040 

Aug.   7 

Aug.-  8 

Slight. 

Coua. 

0.20 

- 

- 

.0000 

,0226 

.0180 

.0046 

- 

,0000 

.0002 

- 

5145   Sept.  4 

Sept.  6 

Diet' I. 

Slight. 

0.25 

- 

- 

.0022 

.0238 

.0210 

.0028 

- 

.0020 

.0000 

- 

5227    Oct.     4 

Oct.     6 

Slight. 

Slight. 

0.80 

- 

- 

.0022 

.0220 

.0196 

.0024 

- 

.0020 

.0000 

- 

5318 

Nov.    6 

Nov.    7 

Slight 

Slight. 

0.30 

- 

- 

.0000 

.0274 

.0222 

.0052 

- 

.0100 

.0002 

- 

5421 

Dec.    4 

Dec.    6 

Slight. 

Slight. 

0.20 

- 

- 

.0008 

.0240 

.0198 

.0042 

- 

.0080 

.0001 

- 

18  90. 

5518 

Jan.     7 

Jan.    9 

V.sl't. 

Slight. 

0.35 

- 

- 

.0006 

.0210 

.0154 

.0056 

- 

.0040 

.0001 

- 

5603 

Feb.    6 

Feb.    8 

Slight. 

Slight. 

0.30 

- 

- 

.0004 

.0216 

.0182 

.0034 

- 

.0050 

.0001 

- 

6747 

Mar.    5 

Mar.    5 

Slight. 

Slight. 

0.30 

- 

- 

.0000 

.0174 

.0148 

.0026 

.43 

.0040 

.0001 

- 

5789 

Mar.  14 

Mar.  16 

V.Bl't. 

Slight. 

0.40 

- 

- 

- 

- 

- 

- 

.42 

.0030 

.0000 

- 

5813 

Mar.  24 

Mar.  25 

Slight. 

Slight. 

0.40 

- 

- 

.0002 

.0212 

.0182 

.0030 

.42 

.0030 

.0001 

- 

5857 

Apr.    7 

Apr.    9 

Dist't. 

Slight. 

0.15 

- 

- 

.0000 

.0224 

.0154 

.0070 

.44 

.0030 

.0000 

- 

5911 

Apr.  24 

Apr.  28 

Slight 

ConB. 

0.20 

- 

- 

.0010 

.0198 

.0182 

.0016 

.43 

.0040 

,0000 

- 

5950 

May    6 

May    8 

Blight. 

Slight. 

0.10 

- 

- 

.0008 

.0246 

.0200 

.0046 

.41 

.0040 

.0000 

- 

6048 

June    5 

June   7 

Dist't. 

Slight. 

0.10 

- 

- 

.0024 

.0284 

.0224 

.0060 

.43 

.0020 

.0003 

- 

6167 

July    1 

July    5 

Slight. 

Cons. 

0.15 

3.95 

- 

.0076 

.0228 

.0178 

.0050 

.39 

.0100 

.0000 

1.6 

6364 

Aug.   4 

Aug.  6 

V.Bl't 

Slight. 

0.15 

4.10 

1.65 

.0030 

.0266 

.0236 

.0030 

.42 

.0040 

.0001 

2.3 

6474 

Sept.  3 

Sept.   5 

Slight 

Slight. 

0.25 

5.15 

1.50 

.0010 

.0260 

.0208 

.0052 

.44 

.0080 

.0000 

1.6 

6571 

Oct.     8 

Oct.     9 

V.sl't 

Slight 

0.30 

3.85 

1.40 

.0034 

.0182 

.0138 

.0044 

.42 

.0150 

.0000 

1.3 

6746 

Nov.  21 

Nov.  24 

V.Bl't 

V.sl't 

0.20 

3.50 

1.10 

.0022 

.0182 

.0144 

.0038 

.45 

.0150 

.0000 

1.8 

6790 

Dec.    4 

Dec.    4 

Slight 

Slight 

0.20 

3.20 

0.55 

.0042 

.0204 

.0192 

.0012 

.46 
.42 

.0200 

.0001 
.0001 

1.7 

Av 

0.23 

3.96 

1.24 

.0020 

.0233 

.0191 

.0042 

.0066 

1.7 

1 

Odor,  generally  vegetable  and  disagreeable. The  samples  were  collected  from  the  pond  near  the 

Maiden  pumping-staiion. 
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MALDElSr. 

Microscopical  Exaniinatioyt. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Mar. 

Day  of  examination, 

10 

5 

8 

7 

8 

9 

10 

11 

8 

7 

18 

Number  of  sample 

4802 

4908 

5040 

5145 

5227 

5318 

5421 

5518 

5603 

5747 

5789 

PLANTS. 

Diatomacese,     .      '.       .       . 

2 

72 

230 

138 

99 

516 

361 

152 

200 

168 

106 

Asterionella,        .... 
Melosira,      .        .        .  '    . 

Navicula, 

Stephanodiscus,  .... 

Synedra, 

Tabellaria, 

0 
pr. 
0 
0 
0 
2 

6 
0 
0 
pr. 
6 
60 

0 
0 
0 

1 
1 

228 

0 
0 
0 
0 
2 
136 

4 
0 
0 

pr. 

pr. 
95 

226 

40 

0 

9 

1 

240 

279 

13 

0 

14 

pr. 
55 

116 
0 
0 

17 
4 

15 

156 
0 
0 

25 
5 

12 

112 
0 
0 

34 
5 

17 

54 

0 
0 

37 
3 

10 

Cyanophycese.    Chroococcus, 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

Algse 

0 

5 

15 

9 

33 

30 

10 

8 

3 

0 

0 

Chlorococcus,      .... 

Raphidium 

Zoospores,   ,        ,        .        .        , 

0 
0 
0 

5 
0 
0 

15 

0 
0 

9 
0 
0 

28 
3 
2 

26 
4 
0 

8 
0 
2 

8 
0 
0 

3 
0 
2 

0 
0 
0 

0 
0 
2 

ANIMALS. 

Rhizopoda.    Actiuophrys, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria,    .       .       .       . 

pr. 

34 

54 

26 

6 

10 

2 

1 

pr. 

2 

38 

Dinobryon 

Monas, 

Peridiuium, 

Synura 

Trachiiomonas,  .... 
Uroglena 

pr. 
0 

pr. 
0 
0 
0 

0 
0 
34 
0 
pr. 
0 

0 
0 

54 
0 
0 
0 

0 
0 

26 
0 

^^6 

6 
0 
0 
0 
0 
0 

8 
0 

2 
0 

1 

0 

1 

0 
0 
0 

pr. 
pr. 

0 

1 

0 

0 

pr. 

0 
0 
0 

0 
0 
0 

0 
0 
2 

0 
36 
pr. 
0 
0 
2 

Vermes 

0 

pr. 

pr. 

pr. 

3 

0 

0 

0 

0 

0 

0 

Anurea, 

Polyarthra, 

0 
0 

0 
pr. 

P'6 

^'o 

pr. 
3 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Crustacea, ...... 

0 

pr. 

pr. 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

Cyclops 

Daphuia 

0 
0 

^^6 

pr. 
0 

0 
0 

pr. 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
pr. 

0 
0 

Porifera.    Sponge  spicules, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms, 

2 

111 

299 

173 

141 

656 

373 

161 

213 

170 

144 
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MAJLDEjST. 


Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April    April    May.    June. 


July.     Aug.    Sept. 


Day  of  examination, 
Number  of  sample,  . 


26 
5813 


9 

5857 


29 
5911 


6167 


6364 


9 
6571 


24 
6746 


6790 


PLANTS. 
Diatomacese, 


Asterionella, 

Melosira, 

Navicula, 

Stephanodiscus, 

Synedra, 

Tabellaria,    . 


Cyanophyceae.    Chroococcus, 
Algse, 


Chlorococcus, 
Baphidium,  . 
.Zoospores,     . 


109 


105 

42 
0 
0 
11 
26 
21 


120 

12 
18 
0 
8 
48 
34 


77 

7 
0 
pr. 
4 
5 
61 


161 


173 

49 
50 
2 
49 
14 


ANIMALS. 
Rhizopoda.    Actinophrys, 


Infusoria, 


Dinohryon,   . 
Monas,  . 
Peridinium,  . 
Synura, 

Trachelomonas, 
Uroglena, 


Vermes, 


An  urea, 
Polyartiira, 


Crustacea, 

Cyclops, 
Daphnia, 


Porifera.    Sponge  spicules. 


0 

0 

0 

0 

1 

0 

0 

0 

0 

34 

30 

g 

pr. 

13 

4 

11 

33 

11 

4 

0 

21 

pr. 

0 

0 

0 

9 

0 

1 

2 

0 

0 

0 

0 

6 

3 

0 

0 

0 

0 

0 

2 

4 

0 

1 

0 

2 

32 

10 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

1 

pr. 

1 

0 

2 

0 

7 

5 

pr. 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

pr. 

0 

0 

2 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

pr. 


Total  Oeganisms, 


128 


173  1  120 


170  106  183  209 
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MAIiDElV. 

Table  showing  Heights  of  Water  in  BiM  Pojicl  at  the  Times  when  Samples  of  Water 
ivere  collected  for  Analysis. 

KoTE.  —  Heiglits  are  iu  feet  above  or  below  high-water  mark.    The  sign  +  indicates  "  above  high 
water."    The  sign  —  indicates  "  below  high  water." 


June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


Jan.  7, 
Feb.  6, 
Mar.  5, 
Mar.  14, 


Height 
of  Water. 


0.0 
—0.6 
—0.6 
—0.8 
—1.2 
—1.1 
—0.1 

0.0 

0.0 

+0.1 

+0.1 


1890  — Con. 


Mar.  24, 
April  7, 
April  24, 
May  6, 
June  5, 
July  1, 
Aug.  4, 
Sept.  3, 
Oct.  8, 
Nov.  21, 
Dec.      4, 


Height 
of  Water. 


+0.2 

+0.1 

0.0 

0.0 

0.0 

—0.5 

—1.7 

—2.4 

—3.] 

—2.4 

—2.4 


Water  Supply  of  Malden. 


Chemical  Examinatio?i  of  Water  from  Tubular  Wells  at  Webster  Park 
(Eaton''s  Meadows),  Maiden. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

o 

it 

Ammonia. 

Nitrogen 
as 

S 

o 

>. 

-S 

s 

» 

a 

3 

"8 

a| 

3 
■5 

3 

E  > 

S 

a 
o 

0) 

^ 

03 

'A 

o 

H 

E-i 

CO 

u 

«. 

Pm 

< 

Q 

'A 

iz; 

B3 

18 

89. 

4801 

June    6 

June   7 

Very  slight. 

None. 

0.0 

17.10 

.0000 

.0006 

1.45 

.5500 

.0000 

_ 

5283 

Oct.  25 
18 

Oct.  26 
90. 

Very  slight. 

Consid'able. 

0.0 

16.80 

.0002 

.0056 

2.04 

.5500 

.0001 

7.3 

5602 

Feb.    6 

Feb.    7 

None. 

None. 

0.0 

17.10 

.0000 

.0004 

2.30 

.5000 

.0000 

_ 

5746 

Mar.    4 

Mar.    5 

None. 

None. 

0.0 

- 

.0000 

.0008 

2.20 

.3500 

.0000 

_ 

5858 

Apr.    7 

Apr.    9 

None. 

None. 

0.0 

- 

.0004 

.0012 

2.25 

.5000 

.0001 

_ 

5912 

Apr.  24 

Apr.  28 

None. 

None. 

0.0 

- 

.0000 

.0020 

2.39 

.4500 

.0001 

8.6 

5913 

Apr.  24 

Apr^  28 

None. 

Very  slight. 

0.0 

- 

.0004 

.0018 

2.36 

.4500 

.0001 

8.1 

6049 

June   5 

June    7 

None. 

None. 

0.0 

- 

.0008 

.0012 

2.35 

.4100 

.0002 

_ 

6168 

July    1 

July    5 

None. 

None. 

0.0 

18.00 

.0002 

.0016 

2.29 

.5500 

.0001 

9.0 

6365 

Aug.   4 

Aug.    6 

None. 

None. 

0.0 

18.65 

.0008 

.0020 

2.15 

.4250 

.0000 

8.3 

6475 

Sept.  3 

Sept.   5 

None. 

Very  slight. 

0.0 

19.25 

.0002 

.0016 

2.40 

.6250 

.0001 

7.3 

6570 

Oct.     6 

Oct.     9 

None. 

None. 

0.0 

17.90 

.0000 

.0014 

2.25 

.5500 

.0001 

7.1 

6700 

Nov.    4 

Nov.    8 

None. 

None. 

0.0 

18.70 

.0000 

.0004 

2.35 

.4500 

.0001 

7.7 

6791 

Dec.    4 

Dec.    4 

None. 

None. 

0.0 

17.70 

.0000 

.0024 

2.31 

.6250 

.0001 

8.0 

Av. 

0.0 

17.91 

i 

.0002 

.0016 

2.21 

.5027 

.0001 

7.9 

I 


Odor,  none. The  samples  were  collected    from  a  faucet  in' the  pumping-station  at  Eaton's 

Meadows,  with  the  exception  of  No.  4801,  which  was  collected  from  a  tubular  test  well  in  the  vicinity  of 
the  other  wells,  and  No.  5913,  which  was  collected  from  a  faucet  about  half  a  mile  from  the  pumping- 
station. 

Microscopical  Exami^iation. 

No  organisms. 
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MALDEX, 

Chemical  Examination  of  Water  from  Doleful  Pond,  Stonehatn. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

^ 

A 

Albuminoid. 

c 
t3 

S-2 

is 

3 

1 

V 

^ 

og) 

6 

•6 
> 

•a 
■a 

1 

1 

i 

2 

3 

o 

y. 

2 

o 

£ 

M 

3  P- 

a 

cS 

£5 

O 

H 

H 

w 

O 

H 

IJ 

fe 

H  . 

Q 

m 

u 

IZi 

"A 

"-rt 

18 

90. 

6699 

Aug.   4 

Aug.    8 

V.sl't. 

V.sl't. 

2.20 

8.50 

- 

.0010 

.0330 

- 

- 

.66 

.0050 

.0002 

2.2 

Odor,  vegetable. The  eample  was  collected  from  the  brook  which  flow's  from  Doleful  Pond  into 

Spot  Pond. 

Micro scojiical  Examination. 

Diatomacese,  3Ielosira,  4;  3/eridion,  7;  Mtvicula,  10 ;  Synedra,  Z;  Tahellaria,Z.  Cyanophycere, 
Microcystis,  pr.  Algse,  Cosmarium,  2;  Scenedesmus,  1;  Staurastrum,  pr.  Fungi,  Crenothrix,  8. 
Infusoria,  Trachelomonas,  1.    Porifera,  Sponge  spicules,  4.    Total  organisms,  43. 

Manchester. 

Chem,ical  Examination  of  Water  from  Saw  Mill  Brook  in  Manchester. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

. 

Albuminoid. 

J2 

a 

o 
o 

1  ^ 

is 
s 

s 

o 
o 

3 

o 

o 

CD- 

o 

> 

o 

•d 
■a 

3  P. 

_o 
Is 

d 
^ 

1 

B 

■a 
S 

^ 

O 

S 

■     H 

M 

O 

El 

iJ 

fc< 

b* 

Q 

03 

O 

!2i 

!zi 

a 

18 

90. 

6635 

Oct.  22 

Oct.  23 

None. 

V.sl't. 

2.50 

8.05 

4.65 

.0006 

.0268 

.0256 

.0012 

0.98 

.0100 

.0001 

1.1 

Odor,  vegefable. The  sample  was  collected  from  Saw  Mill  Brook,  about  150  feet  above  the  junc- 
tion with  the  brook  coming  from  the  brick  yard. 

Microscopical  Examination. 

Diatomacese,  Tabellaria,  2.    Cyanophyceoe,  Oscillaria,  pr.     Total  organisms,  2. 


Chemical  Exaviination  of  Water  from  the  Nat.  Allen  Spring  and  a  Tubular  Well 
near  Saw  Mill  Brook  in  Ma?ichester. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

s 

Ammonia. 

Nitrogen 

as 

1 

c 

c 
o 

§ 

^ 

ti' 

?3 

s 

6 

w 

s 

S 

o 

1 

3 

s 

'■3 

o 

p 

? 

i 

i'^ 

o 

s 

1 

S 

1 

C3 

O 

H 

Eh 

t» 

O 

« 

£ 

< 

o 

^ 

S2i 

a 

18  90. 

6636 

Oct.  22 

Oct.  23 

None. 

None. 

0.00 

8.70 

.0000 

.0000 

1.50 

.3000 

.0000 

2.7 

6637 

Oct.   22 

Oct.  23 

None. 

V.  slight. 

0.00 

8.10 

.0000 

.0012 

1.27 

.2900 

.0000 

2.6 

Odor,  none. Sample  No.  6636  was  collected  from  the  well;  No.  6637  from  the  Nat.  Allen  Spring. 

Microscopical  Exam ination. 

No  organisms  in  either  sample. 

Note.  —  The  samples  from  Manchester  were  collected  during  an  investigation  with  reference  to 
obtaining  a  water  supply  for  the  town. 


200  STATE  BOARD   OF  HEALTH.  [Pub.  Doc. 

marblehead, 

Water  Supply  of  Marblehead. 

Description  of  Works.  —  Population  in  1890,  8,202.  Water  was 
first  introduced  into  the  town  in  1887.  The  distributing  system  was 
owned  by  the  town  and  the  water  was  purchased  from  the  Marble- 
head  Water  Company,  the  source  being  located  in  the  town  of 
Swampscott.  At  that  time  only  a  portion  of  the  town  was  supplied 
with  water.  In  1889  the  town  of  Marblehead  obtained  authority 
from  the  legislature  to  take  an  independent  supply  from  sources  in 
the  southerly  part  of  Salem. 

Some  test  wells  were  driven  near  the  edge  of  the  marsh  near 
Loring  Avenue  in  Salem,  a  short  distance  westerly  from  the  mouth 
of  Forest  River ;  and  the  advice  of  the  State  Board  of  Health  was 
sought  with  reference  to  obtaining  a  ground  water  supply  at  this 
place.  The  Board,  after  making  careful  examinations  of  the  locality 
and  an  analysis  of  the  water,  replied  that  the  quality  of  the  water 
flowing  from  test  wells  at  this  place  was  excellent,  except  that  it 
was  somewhat  harder  than  was  desirable,  but  that  the  quantity  of 
water  which  could  be  obtained  from  this  source  would  not  be  suffi- 
cient for  the  supply  of  the  town.  Notwithstanding  this  advice  the 
town  proceeded  with  the  construction  of  works  for  obtaining  a 
supply  from  this  source.  A  tide-gate  Was  constructed  at  the  mouth 
of  Forest  River  to  keep  the  salt  water  from  backing  up  into  the 
river  and  flowing  over  the  marsh  in  the  vicinity  of  the  wells.  About 
forty  tubular  wells  were  driven  in  and  near  the  marsh  lying  between 
the  orio;inal  flowino'  test  wells  and  the  tide-oi:ate.  Those  nearest  the 
tide-gate  were  driven  to  a  depth  of  between  45  and  50  feet,  while 
those  further  away  are  not  so  deep.  The  wells  were  connected  Avith 
a  temporary  pump  and  beginning  Oct.  1,  1889,  water  was  pumped 
from  them  to  the  town  and  to  an  open  iron  tank  30  feet  in  diameter 
and  100  feet  in  height.  In  the  summer  of  1890,  when  the  maxi- 
mum daily  consumption  was  said  to  have  been  350,000  gallons,  it 
was  found  that  the  water  from  the  wells  was  becomino-  salt  and 
hard,  and  several  of  those  most  affected  were  discontinued.  In  Sep- 
tember, 1890,  the  construction  of  a  lar2:e  well  was  beofun  near  the 
location  of  the  original  test  wells  and  as  far  from  the  tide-gate  as 
it  is  practicable  to  locate  a  well  in  the  low  land.  This  well  is  30 
feet  in  diameter  and  34  feet  in  depth.  The  lining  is  of  brick  work, 
12  inches  in  thickness,  excepting  the  lower  three  feet,  which  is  lined 
with  stone  work  laid  without  mortar.  The  distributing  mains  are 
of  cast  iron  and  the  service  pipes  are  of  galvanized  iron. 
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MARBLEHEAD. 

Chemical  Examination  of  Water  from   Tubular  Wells  of  the  Marblehead  Water 

Works. 

[Parts  per  100,000.] 


Date  op 

Appearasck. 

§1 

E  > 

Ammonia. 

c 
•E 

NiTliOGEN 
AS 

s 

S 
o 

S 

as 

cj.S 

is 
s 

w 

_o 
o 

l£ 

s 

'S 
c 

< 

"S 
1 

1 

1 

360-t 

18 

Nov.  23 

89* 

No'v.  24 

None. 

None. 

0.00 

9.65 

.0000 

.0008 

1.25 

.1250 

.0000 

_ 

6416 

18 

Aug.  18 

90. 

Aug.  19 

Slight. 

Consider'ble. 

0.00 

16.80 

.0120 

.0022 

3.40 

.0150 

.0001 

7.7 

6417 

Aug.  18 

Aug.  19 

Slight. 

Sl't,  earthy. 

0.00 

12.60 

.0000 

.0014 

1.78 

.1100 

.0000 

6.4 

6484 

Sept.   8 

Sept.   9 

Slight. 

Slight. 

0.00 

25.35 

.0070 

.0004 

1.47 

.0950 

.0001 

16.7 

6757 

Nov.  24 

Nov.  25 

Distinct. 

Very  slight. 

0.00 

110.60 

.0186 

.0014 

48.46 

.0150 

.0005 

47.1 

Odor,  none. Sample  No.  3604  was  collected  from  a  flowing  tubular  test  well  before  the  works 

were  constructed.  No.  6416  was  collected  from  a  tubular  well  about  500  feet  south-west  of  the  temporary 
pumping-station.  No.  6417  was  collected  from  a  tubular  well  about  1,000  feet  south-west  of  the  tempo- 
rary pumping-station.*  No.  6484  was  collected  from  a  faucet  in  the  temporary  pumping-station.  No. 
6757  was  collected  from  a  faucet  in  the  temporary  pumping-station  while  pumping  from  14  tubular  wells, 
5  being  in  the  vicinity  of  the  pumping-station  and  9  at  a  considerable  distance  up  the  valley. 

Microscopical  Examination. 

No.  3604.    No  organisms.    No.  6416.    Fungi,  Crmo<Ar?x,  54.    No.  6417.    A\gx,Arth7'odesmus,-pr.; 
Scenedesmus,  pr.    No.  6484.    No  organisms.    No.  6757.    No  organisms. 


Chemical  Examination  of  Water  from  Forest  Eiver  in  Salem. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

c 

o 

Albuminoid. 

c 
B 

o 

CJ 

2 

1 

o 

rt 

°% 

oj 

■3 

■a 

■a 

'5 

B 
0 

.1 

2 

0 

3  a 

"A 

O 

w 

H 

m 

U 

f- 

iJ 

fe 

E-i 

0 

m 

0 

"A 

"A 

W 

18  90. 

6758 

Nov.  24   Nov.  25 

Slight. 

Slight. 

0.75 

9.60 

2.30 

.0022 

.0270 

.0236 

.0034 

2.05 

.0100 

.0001 

3.6 

Odor,  musty  and  disagreeable. The  sample  was  collected  from  the  river,  near  the  temporary 

pumping-station  of  the  Marblehead  Water  Works. 


Microscopical  Examination. 

Diatoraaceae,  Gonphonema,  2;     3feridio7i,  4;  Kavicula,  15;   Sytiedra,  3.     Fungi,  Crenothrix,  13. 
Rhizopoda,  Actinophrys,  3.    Total  organisms,  40. 
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MARIiBOROUGH. 


Water  Supply  of  Marlbokough. 

Chemical  Examination  of  Water-  from  Lake  Williams,  Mai^lborough. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Evapora- 
tion. 

Ammonia. 

2 

Nitrogen 

AS 

.2 

S 
S 

a 

"3 

S 

6 

Albuminoid.       | 

"3 

•a 
> 
0 

1  c 

a  , 

?  ! 

s 

>>, 

^ 

■S 

0 

u 

eo 

3  P, 

y 

'A 

o 

W 

E-i 

CC 

0 

H 

kJ 

i^ 

Q 

02 

u 

S 

S 

S3 

18 

89. 

1 

; 

4866 

June  21 

June  22 

Slight. 

Slight. 

0.05  1 

_ 

_ 

.0008 

.0270 

.0184 

.0086 

.45 

.0020 

.0000 

_ 

4936 

July  11 

July  12 

Slight. 

Cons. 

0.10 

- 

- 

.0000 

.0294 

.0246 

.0048 

_ 

.0000  .0000 

-, 

5072 

Aug.  16 

Aug.  17 

Dist't. 

Slight. 

0.00 

- 

- 

.0010 

.0276 

.0224 

.0052 

_ 

.0020  1.0001 

-'' 

5169 

Sept.  12 

Sept.  12 

Slight. 

Slight. 

0.03 

- 

- 

.0022 

.0266 

.0228 

.0038 

_ 

.0040   .0001 

-1 

5246 

Oct.   10 

Oct.  11 

V.sl't. 

Slight. 

0.00 

_ 

- 

.0008 

.0208 

.0182 

.0026 

- 

.0080 

.0000 

-, 

5375 

Nov.  21 

Nov.  22:;  V.sl't. 

V.sl't. 

0.10 

- 

_ 

.0002 

.0190 

.0180 

.0010 

- 

.0070 

.0000 

- 

5439 

Dec.  12 
18 

Dec.  13 
90. 

Slight. 

Slight. 

0.00 

.0002 

.0162 

.0140 

.0022 

" 

.0060 

.0001 

5536 

Jan.  16 

Jan.  17 

Dist't. 

Slight.  0.05 

- 

- 

.0000 

.0186 

.0148 

.0038 

- 

.0100 

.0001 

-i 

5663 

Feb.  13 

Feb.  14 

Slight. 

V.sl't. 

0.03 

_ 

- 

.0000 

.0184 

.0154 

.0030 

j.OlOO 

.0001 

-1 

5788 

Mar.  14 

Mar.  15 

Slight. 

Slight, 

0.10 

_ 

_ 

.0000 

.0218 

.0168 

.0050 

.49 

1.0100 

.0000 

5879 

Apr.  11 

Apr.  12 

V.el't. 

Slight. 

0.03 

_ 

_ 

.0004 

.0172 

.0142 

.0030 

.46 

.0180 i. 0000 

- 

5991 

■  May  16 

May  17 

V.sl't. 

V.Bl't. 

0.00 

_ 

_ 

.0020 

.0218 

.0164 

.0054 

.45 

i. 0000   .0000 

- 

6110 

June  20 

June  21 

Dist't. 

Slight. 

0.00 

_ 

_ 

.0024 

.0270 

.0178 

.0092 

.43 

.0020 j. 0000 

2.3 

6211 

July  11 

July  14 

Slight. 

Slight.]  0.03 

4.35 

_ 

.0028 

.0208 

.0166 

.004S 

.44 

.0000 

.0001 

2.3 

6432 

Aug.  21 

Aug.  22 

V.sl't. 

V.sl't.!  0.00 

4.30 

1.50 

1.0000 

.0204 

.0180 

.0024 

.47 

.0040 

.0000 

2.5 

6507  •  Sept.  11 

Sept.  12 

Slight. 

V.sl't.!  0.05 

4.80 

0.80 

.0002 

.0210 

.0174 

.0036 

.47 

.0030 

.0000 

2.5 

6580  ,  Oct.     9 

Oct.   10 

V.sl't. 

V.sl't.  0.00 

4.65 

1.40 

.0000 

.0190 

.0164 

.0026 

.45 

.0050 

.0000 

2.2 

6728  1  Nov.  14 

Nov.  15 

V.sl't. 

V.sl't.i0.02 

3.85 

0.80 

.0002 

.0198 

.0164 

.0034 

.49 

.0200 

.0001 

2.1 

6792 

Dec.    5 

Dec.    6 

V.sl't. 

V.sl't. 

0.03 

4.45 

1.15 

.0002 

.0212 

.0182 

.0030 

.48 

.0120 

.0001 

2.1 

Av. 

0.03 

4.41 

1.13 

.0007 

.0218 

.0177 

.0041 

.46 

Lo065 

1 

.0000 

2.3 

I 


Odor,  vegetable,  and  frequently  disagreeable. The  samples  were  collected  from  a  faucet  at  the 

pumping-station,  while  pumping. 


Microscopical  Exam,ination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jail. 

Feb. 

-1 

Day  of  examination, 

22 

12 

20 

12 

12 

23 

14 

18 

15 

Number  of  sample 

4866 

4936 

5072 

5169 

5246 

5375 

5439 

5536 

5663 

PLANTS. 

Diatomacese,     .... 

23 

24 

129 

18 

183 

194 

203 

162 

579- 

Asterionella 

Synedra, 

Tabellaria, 

0 

1 

22 

0 
2 

22 

4 

1 

124 

2 

2 

14 

164 

6 

13 

37 

8 

149 

13 
5 

185 

9 

9 
144 

21 

2 
.    556 

Cyanophycese, 

70 

96 

pr, 

2 

0 

0 

0 

0 

0 

Anabfena,     ..... 
Chroococcus,        .... 
Coelosphserium,    .... 

0 

70 

pr. 

14 

74 

8 

0 

0 

pr. 

0 
0 

2 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 
0 

0 

0 
0 

Algse 

50 

47 

33 

8 

3 

5 

4 

0 

0 

Cblorococcus 

Ccelastrum 

Kaphidium, 

50 
0 
0 

47 

pr. 

0 

28 
0 
5 

8 
0 
0 

3 
0 

0 

5 
0 
0 

0 
0 
4 

0 

0 
0 

0 
0 
0 

No.  34.] 
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MARLBOROUGH. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

ANIMALS. 

Infusoria 

pr. 

pr. 

2 

pp. 

19 

10 

0 

7 

6 

Ceratium 

Dinobryon, 

Monas, 

Peridinium,          .... 
Trachelomonas,  .... 

pr. 
0 
0 
0 

pr. 

0 
0 
0 
0 
pr. 

0 
2 
0 
0 
pr. 

0 
0 
0 

0 

18 
0 
1 
0 

6 
8 
0 
2 
0 

0 
0 
0 
0 
0 

0 
7 
0 
0 
0 

0 

2 
2 

1 
1 

Vermes.    Anurea, 

0 

pr. 

0 

0 

1 

pr. 

0 

0 

0 

Total  Organisms, 

143 

167 

164 

28 

206 

209 

207 

169 

585 

April. 


May. 


July. 


Aug. 


Sept. 


Day  of  examination, 
Number  of  sample, 


18 
5788 


15 

5879 


20 
5991 


15 
6211 


25 
6432 


15 
6507 


11 
6580 


17 

6728 


PLANTS. 
Diatomacese,  . 


Asterionella, 
Synedra,    . 
Tabellaria, 


Cyanophyceae, 


Anabrena, . 
Chrobcoccus,     . 
Coelosphserium, 


Algse, 


Chlorococcus, 

Coelastrum, 

Raphidium, 


228 


40 

5 

183 


463 

15 

9 

439 


317 

0 

4 

313 


305 

279 

26 

0 


170 


228 


20 


129 


ANIMALS. 


Infvisoria, 


Ceratium, . 

Dinobryon, 

Monas, 

Peridinium, 

Trachelomonas, 


Vermes.     Anurea, 


pr. 


pr. 
7 
0 

pr. 


133 

0 
133 
0 
0 
0 


Total  Okganisms, 


491 


14 
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maiishfiei.d. 

Water  Supply  of  Brant  Eock,  Marshfield. 
This  is  a  small  supply  which  furnishes  water  in  summer  to  the 
cottages  on  the  sea-shore  in  Brant  Rock  and  the  adjacent  village  of 
Abington.  The  source  of  supply  is  a  tubular  well  1^  inches  in 
diameter  and  27  feet  deep ;  located  under  the  Atlantic  House,  and 
distant  a  little  over  100  feet  from  high-water  mark  on  the  beach. 
The  well  was  first  used  as  a  source  of  public  water  supply  in  1888, 
though  it  had  been  in  use  for  several  years  previously.  Water  is 
pumped  from  the  well  by  wind  power  to  two  covered  wooden  tanks, 
one  located  near  the  well  and  one  on  a  hill  at  a  considerable  distance 
back  from  the  shore.  The  first  'tank  is  7.4  feet  in  diameter  and  7 
feet  in  depth,  and  is  supported  by  a  tower  36  feet  in  height.  The 
second  tank  is  located  on  much  higher  ground  and  is  considerably 
larger,  being  14  feet  in  diameter  and  13  feet  in  depth;  it  is  sup- 
ported by  a  tower  23  feet  in  height.  The  distributing  pipes  are; 
very  small,  the  largest  being  2  inches  in  diameter. 


I 


Chemical  Examination  of  Water  from  a    Tubular  Well  at  the  Atlantic  House, 

Brant  Bock,  Marshfield. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

c 
o 

=  > 

■S.-A 

AlIMOMIA. 

6 

n 

o 

o 
14.03 

Nitrogen 

AS 

.Q 

a 

o 

o 

o 

si 

a 

'•3 

1 

6 

u 

!2 
2 

< 

1 

s 

1 
X 

5334 

18 
Nov.  11 

89. 

Nov.  12 

None. 

None. 

0.00 

35.70 

.0002 

.0008 

.0750 

.0004 

- 

Odor,  none. Th 

3  sample  was  collected  from  a  faucet  at  the  Atlantic  House. 

N 

0  organis 

ms. 

3ft 

croscopical 

Exa 

,mina 

ti07l. 

Water  Supply  of  Medford.      [See  Malden.'\ 
Water  Supply  of  Melrose.      [See  MaldenJl 
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MOIS^SON. 

Water  Supply  of  the  State  Primary  School,  Monson. 

Chemical  Examination  of  Water  from,  the  West  Reservoir,  at  the  State  Frimary 

School,  Monson. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

o 
O 

.20 
.20 
.15 
.16 
.18 
.18 

Nitrogen 
as 

_S 
o 

"3 

Q 

3 

ci 

$■" 

•A 

o 

8 

"3 

o 

a 
_o 

o 

£ 

Albuminoid. 

1 

g 

B 
1 

T3 
> 

S 

-a 
S  P. 

■5 

X 

6389 
6390 
6751 
6752 
6753 
6754 

18 

Aug.  11 

Aug.  11 
Nov.  22 
Nov.  22 
Nov.  22 
Nov.  22 

90. 

Aug.  13 

Aug.  13 
Nov.  25 
Nov.  25 
Nov.  25 
Nov.  25 

Dec'd. 
Dec'd, 

Heavy. 
Heavy. 

0.50 
0.65 

4.00 
4.00 

1.50 
1.50 

.0064 
.0056 

.0108 
.0118 

.0048 
.0046 

.0060 
.0072 

.0125 
.0150 
.0100 
.0300 
.0200 
.0300 

.0000 
.0000 
.0001 
.0003 
.0001 
.0001 

1.8 
1.8 

Odor,  vegetable. Samples  numbered  6389  and  6390  were  collected  from  a  faucet  at  the  school 

buildings  supplied  from  the  West  Reservoir.  No.  6751  was  collected  from  the  brook  which  feeds  the 
West  Reservoir  just  below  the  Second  road  crossing  above  the  reservoir  ;  No.  6752  from  the  brook  just 
below  the  first  road  crossing  above  the  reservoir;  No.  6753  from  the  brook  as  it  enters  the  reservoir; 
No.  6754  from  the  reservoir  at  the  outlet. 

Microscopical  Examination. 

No.  6389.  Diatomaceas,  Navicula,  2;  Cyclotella,  1;  Synedra,  1,000.*  Algae,  Scenedesmus,  3;  Stau- 
rastrum,  1.    Fungi,  Crenothrix,  13.    Infusoria,  Peridinium,  2.    Total  organisms,  1,022. 

No.  6390.  Diatomaceae,  Synedra,  900.*  Cyanophycese,  Nbstoc,  2.  Algae,  Ohlorococcus,  1 ;  Scene- 
desmus,Z.    'Pangi,  Crenothrix,  11.    Infusoria,  J/o7ias,  pr.;  Trachelomonas,'pv.    Total  organisms,  917. 

Water  Supply  of  Turner's  Falls  Fire  District,  Montague. 

Chemical  Examination  of  Water  from  Lake  Pleasant,  Montague. 


[Parts  p 

er  100,000.] 

Date  of 

Appearance. 

Residdkon 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

^ 

^ 

Albuminoid. 

a 

3 

S 
o 

1  ^ 

3 

1 

•3 

c 

o 

« 

3'S 
o  bo 

u. 

■a 
o 

3  P. 

3 
o 

1 

a) 

s 
1 

'A 

Q 

w 

H 

02 

O 

Eh 

tJ 

f=( 

Eh 

5 

Oi 

O 

?q 

S 

R 

18 

89. 

4839 

June  14 

June  15 

V.sl't. 

v.sl't. 

00.0 

2.10 

0.50 

.0000 

.0082 

.0070 

.0012 

- 

.0060 

.0000 

- 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  village  of  Turner's  Falls. 

Microscojncal  Examination. 

Diatomaceae,    3/elosira,  pr.;   Synedra,  pr.;    Tabellaria,  pr.    Algas,  Besniidium,  pr. ;  Eiiastrum, 
pr.    Fungi,  Crenothrix,  pr. 


*  Estimated. 
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ISrANTIICKET. 

Water    Supply    of    Nantucket.  —  Wannacomet   Water 

Company. 

Chemical  Examination  of  Water  from  Wannacomet  Pond,  Nantucket. 

[Parts  per  100,000.] 


Date  or 

Appearance. 

Kesidce  on 
Evapora- 

Ammonia. 

i 
1 

Nitrogen 

AS 

tion. 

S 

S 
"S 

o 

S 

3 

1 

t 
o 

.-I 

S 

s  g, 

o 
Hi 

Albuminoid. 

1 

Ih 

1 

1 
2 

a 

1 
■3 

o 

O 

3 

o 
El 

■6 
> 
o 

s 

■6 

3  P. 
02 

s 

•S 

03 

18  89. 

5193 

Sept.  19 

Sept.  21 

Dec'd. 

Slight. 

0.20 

- 

_ 

.0058 

.0576 

.0364 

.0212 

1.99 

.0020 

.0000 

_ 

5194 

Sept.  19 

Sept.  21 

Dist't. 

V  sl't. 

0.25 

- 

- 

.0016 

.0362^0268 

.0094 

1.98 

.0030 

.0002 

_ 

5204 

Sept.  30 

Oct.     1 

Dec'd. 

Cons. 

0.20 

- 

_ 

.0006 

.0508. .0296 

.0212 

_ 

.0040 

.0000 

_ 

5247 

Oct.    10 

Oct.    12 

Dist't. 

Slight    0.10 

_ 

_ 

.0030 

.0462   .0318 

.0144 

_ 

.00.30 

.0001 

_ 

5278 

Oct.   23 

Oct.   25 

Dist't. 

V.Bl't.  0.05 

_ 

_ 

.0036 

.0402  1. 02.38 

.0164 

_ 

.0050 

.0001 

_ 

5352 

Nov.  14 

Nov.  16 

Dist't. 

Cons.     0.00 

- 

- 

.0034 

.0334  .0220 

.0114 

- 

.0040 

.0001 

- 

18  90. 

5816 

Mar.  24    Mar.  26 

Dist't. 

Slight.!  0.00 

- 

- 

.0008 

.0190 

.0116 

.0074 

1.91 

.0020 

.0000 

_ 

69ie 

Apr.  28    Apr.  30 

Slight. 

Slight.  0.00 

- 

- 

.0004 

i 

.0186 

.0138 

.0048 

1.99 

.0030 

.0000 

- 

Odor,  vegetable,  and  in  the  samples  of  1889  also  disagreeable. The  samples  were  collected  from 

a  faucet  in  the  pumping-station  while  pumping,  with  the  exception  of  No.  5194,  which  was  collected  from 
a  faucet  on  Hussey  Street,  in  the  town,  where  the  circulalion  through  the  pipes  is  slight.  There  was 
much  complaint  of  a  disagreeable  taste  and  odor  in  the  water  in  the  autumn  of  1889. 


Microscopical  Examination.  -• 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample, 


Sept. 


21 
5193 


Sept. 


21 
5194 


1 

5204 


12 

5247 


26 

5278 


16 
.5352 


April. 


30 
5916 


plants. 
Diatomace^,    . 


Melosira, 

Navicula, 
Synedra, 


Cyanophycess, 

Anabsena,    . 
Chroococeus, 
Nostocaceous  spore 


Algse,     . 

Chlorococcus, 
Scenedesmus, 
Staurastrum, 


0 
0 
0 

1,280 

1,280 
0 
0 

1 

0 

1 

0 


0 

0 
0 

676 

676 
0 
0 


0 
0 
0 

1,192 

1,192 
0 

0 

0 

0 
0 
0 


0 
0 
0 

1,304 

1,304 
0 
0 

2 

0 
2 
0 


72 

72 
0 
0 

992 

992 
0 
0 


0 
0 
0 

360 


0 
280 


4,004 
0 
4 

4,000* 


480 

0 

0 
480* 


I 


ANIMALS. 

Infusoria,   . 

Ciliated  infusorial:,     . 
Dinoliryon, 
Trachelomonas, . 

Vermes, 

Anurea, 
Monocerca,. 
Rotatorian  ova,  . 
Rotifer, 

Total  Organisms, 


204 

0 

204 

0 


1,321 


689        1,210        1,322 


1,092 


497 


*  Estimated. 
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Chemical  Examination  of  Water  from  Dug  Pond,  Natick. 

[Parts  per  100,000.] 
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]VATICK. 


Date  of 

Appearance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

o 

.2 

>. 

a 

_o 

Albuminoid.       | 

^ 

"S     1       ■a  1 

i 

g 

o 

'A 

w 

•a 
3 

;-• 

a 

-3 

03 

c 

o 
o 

o 

o  r^ 
1 

fa 

p 

Dissoh 

Sus- 
pend( 

■7^ 

O 

3 
o 

1 

2 

g 

IH 

89. 

4783 

June 

4 

June 

5 

Slight. 

V.sl't. 

0.05 

- 

- 

.0022 

.0280 

.0224 

.0056 

.68 

.0300 

.0006 

- 

4897 

July 

1 

July 

2; 

Dist't. 

Slight. 

0.05 

- 

- 

.0020 

.0250 

.0250 

.0000 

- 

.0300 

.0001 

- 

5023 

Aug. 

5 

Aug. 

6 

Dist't. 

Cons. 

0.10 

- 

- 

.0010 

.0366 

.0242 

.0124 

- 

.0030 

.0003 

- 

5125 

Sept. 

3 

Sept. 

4 

Dist't. 

Cons. 

0.05 

- 

- 

.0000 

.0280 

.0234 

.0046 

- 

.0050 

.0000 

- 

5126 

Sept. 

3 

Sept. 

4 

Dist't. 

Cons. 

0.10 

- 

- 

.0046 

.0276 

.0226 

.0050 

- 

.0050 

.0000 

- 

5222 

Oct. 

2 

Oct. 

4 

Slight. 

Slight. 

0.15 

- 

- 

.0032 

.0268 

.0226 

.0042 

- 

.0080 

.0002 

- 

5302 

Nov. 

4 

Nov. 

5 

Slight, 

V.sl't. 

0.25 

- 

- 

.0184 

.0238 

.0190 

.0048 

- 

.0070 

.0004 

- 

5390 

Dec. 

2 
18 

Dec. 
90. 

3 

Slight. 

V.  sl't 

0.15 

- 

- 

.0158 

.0224 

.0184 

.0040 

- 

.0170 

.0004 

- 

5490 

Jan. 

2 

Jan. 

3 

Slight. 

V.sl't. 

0.05 

- 

- 

.0018 

.0180 

.0164 

.0016 

- 

.0130 

.0001 

- 

5585 

Feb. 

3 

Feb. 

4 

Dist't. 

V.sl't. 

0.25 

- 

- 

.0048 

.0166 

.0116 

.0050 

- 

.0150 

.0004 

- 

5736 

Mar. 

3 

Mar. 

4 

Slight. 

V.sl't. 

0.35 

- 

- 

.0030 

.0160 

.0150 

.0010 

.82 

.0300 

.0002 

- 

5842 

Apr. 

1 

Apr. 

2 

Slight. 

V.Bl't. 

0.20 

- 

- 

.0032 

.0162 

.0162 

.0000 

.69 

.0200 

.0003 

- 

5934 

May- 

1 

May 

2 

V.sl't. 

Slight. 

0.03 

- 

- 

.0016 

.0206 

.0162 

.0044 

.69 

.0280 

.0004 

- 

6035 

June 

2 

June 

4 

Slight. 

Slight. 

0.20 

- 

- 

.0030 

.0162 

.0144 

.0018 

.68 

.0320 

.0002 

- 

6161 

July 

1 

July 

2 

Dec'd. 

V.  sl't. 

0.02 

5.75 

- 

.0024 

.0250 

.0186 

.0064 

.69 

.0120 

.0002 

2.6 

6352 

Aug. 

4 

Aug. 

5 

Dist't. 

Cons. 

0.00 

5.55 

1.75 

.0002 

.0324 

.0230 

.0094 

.70 

.0100 

.0002 

2.5 

6463 

Sept. 

2 

Sept. 

3 

Slight. 

Slight. 

0.00 

6.20 

1.25 

.0006 

.0238 

.0206 

.0032 

.75 

.0070 

.0001 

2.5 

6546 

Oct. 

1 

Oct. 

2 

None. 

V.sl't. 

0.00 

5.45 

1.20 

.0000 

.0166 

.0130 

.0036 

.70 

.0150 

.0001 

2.6 

6682 

Nov. 

3 

Nov. 

4 

V.Bl't. 

V.sl't. 

0..S0 

6.05 

1.30 

.0058 

.0174 

.0170 

.0004 

.72 

.0400 

.0003 

3.2 

6775 

Dec. 

1 

Dec. 

2 

Slight. 

V.sl't. 

0..30 

6.00 

1.30 

.0062 

1 

.0196 

.0174 

.0022 

.71 
.71 

.0500 

.0002 

3.0 

Av. 

0.13 

5.85 

1.36 

.0041 

1 

.0226 

.0186 

;0040 

.0193 

.0002 

0  7 

1 

Odor,  vegetable,  frequently  unpleasant,  occasionally  none.  —  The  samples  were  collected  from  a 
faucet  in  the  pumping-stalion  while  pumping,  with  the  exception  of  Nos.  4783,  .5023  and  5125,  which  were 
collected  from  the  pond.  No.  4783  was  collected  4  feet  beneath  the  surface;  No.  5023  was  collected 
from  near  the  middle  of  the  pond  1  foot  beneath  the  surface;  and  No.  5125  was  collected  from  the  pond 
near  the  brook  which  feeds  it. 
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NATICK. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

X890. 

June. 

July. 

Aug. 

Sept. 

Sept. 

Oct. 

Jfov. 

Dec. 

Jan. 

Feb. 

Day  of  examination,     .... 
Number  of  sample,       .... 

10 

4783 

2 

4897 

6 
5023 

6 
5125 

6 
5126 

3 

5222 

5302 

3 

5390 

4 
5490 

-      5 

5585 

PLANTS. 

Diatomacese, 

Asterionella, 

Melosira, 

Stephanodiscus,       .... 
Synedra 

Cyanophyceee,     .... 

Aplianocapsa, 

Chroococcus, 

Clatlirocystis,  ....'. 
Ccelospliffirium,       .... 

Algae, 

Chlorococcus,  ..... 

Coelastrum 

Scenedesmus,  ..... 

5 

1 
0 
4 
0 

4 

4 
0 
0 
0 

18 

18 
0 
0 

12 

2 
6 

4 
0 

53 
0 

49 
4 
0 

24 

24 
0 
0 

27 

0 

23 

4 

pr. 

42 

0 

0 

42 

0 

24 

24 
0 
0 

7 

0 
0 

7 
0 

18 

0 

3 

13 

2 

122 

120 
2 
0 

5 

2 

1 

2 

pr. 

3 

0 
0 

1 

2 

113 

113 

0 

0 

42 
pr. 

28 
5 
9 

24 

0 

17 

2 

5 

114 

99 
14 

1 

69 
37 
16 
16 
0 

0 

0 
0 
0 
0 

pr. 
0 
0 

pr. 

358 

57 

207 

91 

8 

21 

20 
0 
1 
0 

55 

51 
2 
2 

505 
315 

146 

41 

3 

147 

147 
0 
0 
0 

0 
0 
0 

0 

346 
192 
9 
114 
31 

380 

380 
0 
0 
0 

2 

2 
0 
0 

ANIMALS. 

Infusoria, 

Ceratium, 

Dinobryon,       .        .        . 

Peridiuium, 

Trachelomonas,       .... 

Vermes.    Anurea,  .... 

Crustacea.    Cyclops,    . 

pr. 

0 
pr. 

0 
pr. 

0 

0 

0 

0 
0 
0 
0 

pr. 

pr. 

pr. 
0 
0 

pr. 
0 

pr, 

0 

2 

0 

0 
pr. 

0 

0 

pr. 
0 
0 
0 

pr. 

0 
pr. 

27 

pr. 

27 
0 
0 

0 

0 

62 
0 

62 
0 
0 

0 

0 

6 

0 
6 
0 
0 

pr. 
0 

0 

0 
0 
0 
0 

0 

0 

0 

0 
0 
0 
0 

0 

0 

Total  Organisms,     . 

27 

89 

93 

149 

121 

207 

131 

440 

652 

728 

April. 


May. 


June.    July. 


Aug. 


Sept. 


Day  of  examination, 
Number  of  sample, 


5 
5736 


5 

5842 


3 

5934 


2 
6161 


.3 
6463 


6546 


4  3 

6682     6775 


PLANTS, 

Diatomacese,  . 

Asterionella, 
Melosira,    . 
Stephanodiscus, 
Synedra,    . 

Cyanophycese, 

Aphanocapsa,  . 
Chroococcus,  . 
Clathrocystis,  . 
Coelosphajrium, 

Algse,   .... 

Chlorococcus,    . 
Ccelastrura,. 
Scenedesmus,    . 


176 

81 

7 

48 

40 


212 

70 
41 


316 
3 
16 

280 
17 


112 

0 
84 

28 
0 

24 

16 
0 
0 


1,556 

1,504 
52 
0 


0 

10 

0 

5 

30 

0 

0 

29 

1 

292 
292 
pr. 
pr. 


1 

34 
0 
1 

108 

0 

104 

3 

1 

15 
11 

0 
4 


192 
pr. 

185 
0 
7 
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NATICK. 

Microscopical  Examinatio7i —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1S90. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Infusoria, 

Ceratium 

Dinobryon,        

Peridinium 

Trachelomonas 

Vermes.    Anurea,    .... 

Crustacea.    Cyclops,     . 

0 
0 

0 
0 
0 

0 

0 

1 
0 
1 
0 
0 

0 

0 

55 

0 

53 

2 

0 

2 
0 

0 

0 
0 
0 
0 

0 

0 

74 

8 

66 
0 
0 

0 

0 

0 
0 

0 
0 
0 

0 

0 

4 

0 
1 
0 
3 

1 
0 

0 

0 
0 
0 
0 

0 

0 

12 

0 

12 

0 

0 

0 

0 

pr. 

0 
pr. 

0 
pr. 

pr. 

pr. 

Total  Obganisms, 

179 

213 

376 

S2 

1,766 

337 

164 

62 

206 

806 

Table  showing  Heights  of  Water  in  Dug  Pond  at  Times  when  Samples  of  'Water 
ivere  collected  for  Analysis. 

Note.  —  High-water  mark  is  13.0  feet. 


1889. 

June  4,         .        .        . 

July   1,  .  .  . 

Aug.  5,  .  .  . 

Sept.  3,  .  .  . 

Oct.    2,  .  .  . 

Nov.  4,  .  .  . 

Dec.   2,  .  .  . 

1890. 

Jan.    2,         .         .        . 

Feb.    3,         .        .        . 


Height  of 
Water. 


13.2 
12.5 
13.7 
13.0 
13.0 
13.2 
14.1 

13.4 
13.2 


1890  — Con. 

Mar.  3,  .  .         . 

April  1, 

May   1,  .  .        . 

June  2,  .  .         . 

July  1,  .  .        . 

Aug.  4,  .  .        . 

Sept.  2,  .  .        . 

Oct.    1,  . 

Nov.  3,  .  .        . 

Dec.  1,  .  .        . 


Height  of 
Water. 


13.6 
18.8 
13.2 
13.3 
12.2 
10.8 


13.2 
13.0 


Water  Supply  of  Needham. 
Description  of  Works,  —  Population  in  18'J0,  3,035.  The  works 
are  owned  by  the  town.  Water  was  introduced  near  the  end  of 
1890.  The  source  of  supply  is  a  large  well  located  in  the  valley  of 
Colburn's  Brook,  in  the  south-eastern  part  of  the  town  of  Needham, 
a  little  less  than  a  mile  from  the  village,  and  about  2,000  feet  from 
Charles  River,  into  Avhich  the  brook  flows.  The  well  is  22  feet 
in  diameter  and  24  feet  in  depth,  with  walls  built  of  rubble  stone 
laid  dry  and  lined  with  a  brick  masonry  12  inches  in  thickness. 
The  well  is  covered  by  a  roof  to  exclude  the  light.  Water  is 
pumped  from  the  well  to  the  town,  and  to  an  iron  tank  located 
between  the  villages    of  Needham    and  Highlandville.     The  tank 
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ISTEEDHAM. 

is  25  feet  in  diameter  and  85  feet  in  height,  and  is  covered  by  a 
roof,  to  exclude  the  lio;ht.  Distributino-  mains  are  of  cast  iron : 
service  pipes  are  generally  of  wrought  iron  lined  with  cement,  but 
about  one-eighth  of  them  are  of  lead. 

No  analyses  of  the  water  from  these  works  have  been  made  since 
the  works  were  completed.  An  analysis  of  the  water  of  a  test  well 
was  published  in  the  special  report  of  the  Board  on  Water  Supply 
and  Sewerage,  Part  I.,  page  237. 

Watee  Supply  of  New^  Bedford. 

Chemical  Examination  of  Water  from  the  Conduit  of  the  Neiv  Bedford  Water 

Works. 

[Parts  per  100,000.] 


Odor,  faintly  vegetable. The  samples  were  collected  from  the  conduit,  which   conveys  water 

from  the  storage  to  the  receiving  reservoir,  where  it  enters  the  latter.     The  storage  resei-voir  was  kept 
practically  full  during  1889  and  1890,  and  the  variations  in  the  height  of  the  water  were  very  slight. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Day  of  examination, 
Number  of  sample,  . 

21 

4861 

24 
4967 

22 
5085 

19 
5192 

18 

5265 

21 

53T0 

23 

5467 

25 
5561 

28 
5723 

PLANTS. 

Diatomacese,     .... 

Asteriouella,         .... 
Synedra,  ^ 

Cyanophycese, 

Anabsena 

Clathrocystis 

Algae.     Chlorococcus,  . 
Fungi.     Crenothrix,     . 

0 
0 
0 

0 

0 
0 

0 
pr. 

0 

0 
0 

0 

0 
0 

0 
2 

0 
0 
0 

pr. 

0 

pr. 

0 
pr. 

0 
0 
0 

0 
0 
0 

0 
2 

0 
0 

n 

0 
0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
5 

0 
0 

0 

0 

0 
0 

0 

1 

4 

0 
4 

0 
0 
0 

0 
2 

4 

2 
2 

0 

0 
0 

0 
pr. 

ANIMALS. 
Infusoria.     Dinobryon,     . 

Porifera.    Sponge  spicules, 

0 
0 

0 

1 

0 
0 

0 
2 

0 
0 

0 
0 

0 
0 

0 
0 

7 

0 

Total  Organisms,  . 

0 

3 

0 

4 

0 

5 

1 

6 

11 

1890. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,      .... 

22 

19 

23 

28 

23 

22 

20 

23 

25 

23 

Number  of  sample 

5802 

5894 

6000 

6143 

6276 

6429 

6529 

6634 

6750 

6841 

PLANTS. 

Diatomacese, 

4 

9 

12 

1 

6 

2 

1 

0 

3 

0 

Asterionella, 

Synedra 

0 

4 

7 
2 

4 

8 

1 
pr. 

0 
6 

0 
2 

0 
1 

0 
0 

0 
3 

0 
0 

Cyanophyceae 

0 

0 

0 

0 

0 

2 

111 

pr. 

0 

0 

Anabaina, 

Clathrocystis 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
2 

13 
98 

0 
pr. 

0 

0 

0 
0 

Algse.     Chlorococcus, 

0 

pr. 

2 

19 

12 

22 

84 

0 

0 

0 

Fungi.     Crenothrix 

1 

1 

26 

11 

21 

3 

7 

0 

1 

0 

ANIMALS. 

Infusoria.     Dinobryon,  . 

25 

0 

0 

0 

0 

0 

0 

0 

0 

15 

Porifera.    Sponge  spicules,    . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms,     . 

30 

10 

40 

31 

39 

29 

203 

0 

4 

15 
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Water  Supply  of  Newton. 


Chemical  Examination  of  Water  from  the  Neivton  Water  Works. 

[Parts  pel-  100,000.] 


Date  op 

Appeakancb. 

Rbsidce  on 
Evapora- 
tion. 

Ammonia. 

6 
a 

S 

NiTEOGEN 

AS 

c 
o 

o 
O 

c 
o 

a-s 

3 

a 

u 
o 
o 

o 

"3 
1 

3 
o 

fa 

Albuminoid. 

1 

1 

a 

3 

o 

> 
o 

5 

"a 
1  c 

3  O. 
02 

a 
•a 

5325 

18 

Nov.    8 

80. 

Nov.    9 

V.  sl't. 

None. 

0.00 

_ 

_ 

.0000 

.0072 

.0036 

.0036 

.0090 

.0000 

_ 

5326 

Nov.    8 

Nov.    9 

Dec'd. 

H'vy. 

0.20 

- 

- 

.0120 

.1190 

.0070 

.1120 

- 

.0150 

.0001 

- 

5615 

18 

Feb  .10 

90. 

Feb.  11 

Slight. 

None. 

0.00 

- 

- 

.0000 

.0054 

.0020 

.0034 

.31 

- 
.0150 

.0001 

- 

Odor,  No.  5325,  faintly  vegetable  and  unpleasant;  No.  5326,  none;  No.  5615,  none. Sample  No. 

5325  was  collected  from  a  faucet  at  city  hall ;  No.  5326  was  collected  from  a  hydrant  on  Central  Avenue 
and  evidently  contained  some  deposits  flushed  from  the  pipes;  No.  5615  was  collected  from  the  dis- 
tributing reservoir. 

Microscopical  Exaviination. 

No.  5325.    Diatomacese,  Asterionella,  1,248.  ■ 
No.  5326.    Not  examined. 

No.  5615.    Diatomacese,  Asterionella,  2,393;  Synedra,  10;    Tabellaria, 
Infusoria,  Monas,  2;  Peridiiiiwn ,  1.    Total  organisms,  2,411. 


Algse,  Chlorococcus,  2. 


Chetnical  Exaviinatio7i  of  Water  from  the  Filter-basin  of  the  Newton  Water 

Works. 

[Parts  per  100,000.] 


Residue  ON 

Date  of 

Appearance. 

Evapora- 
tion. 

Ammonia. 

a 

AS 

s 

>, 

^ 

Albuminoid. 

o          1  c 

s 

^ 

g 

a-- 

S 

a 

=  5) 

u 
o 

f. 

X) 

o 

o 

o 

.2            3  P. 

!2i 

o 

a 

H 

m 

o 

Eh 

J 

fa 

fH          p     1    tc       1 

O 

"A 

"A 

^ 

18'89. 

! 

5323 

Nov.    8 

Nov.    9 

Slight. 

Slight. 

0.00 

- 

- 

.0000 

.0062 

.0034 

.0028 

- 

.0100 

.0000 

" 

5324 

Nov.    8 
18 

Nov.    9 
90. 

■  Slight. 

Cons. 

0.00 

- 

- 

.0000 

.0106 

.0058 

.0048 

- 

.0090 

.0001 

- 

5614 

Feb.  10 

Feb.  11 

V.sl't. 

V.sl't. 

0.00 

~ 

.0000 

.0014 

~ 

~ 

.32 

.0250 

.0001 

~ 

Odor  of  Nos.  5323  and  5324,  faintly  vegetable  and  unpleasant;  of  No.  5614,  none. The  samples 

■were  collected  from  the  open  basin.    Sample  No.  5323  was  collected  from  the  south  end,  and  No.  5324 
from  the  north  end. 
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,     Microscopical  Examincttion. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination 

Number  of  sample,    .        .        .        . 

PLANTS. 
Diatomacese,      .       .       .       , 

Asterionella,  .        .        .        . 

Epithemia,     .        .        .        .        , 
Melosira,        .        .        .        .        , 

Meridion 

Navicula,        .        .        .        .        . 

Pinnularia 

Synedra,         .... 
Tabellaria,     .... 

Algse.    Scenedesmus,    . 

Total  Organisms,. 


9 
5323 


1,652 

1,548 
2 
12 
22 
30 
2 
32 
4 


20 


£324 


3,032 

3,016 
0 
2 
0 
6 
0 
6 
2 


3,032 


12 
5614 


Chemical  Examination  of  Water  from  the  Wells  of  the  Newton  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

5° 

3  > 
1 

Ammonia. 

c 
o 
■a 

Nitrogen 

AS 

a 

1 

i 

C3.S 

'S 
3 

1 

o 

8 

■6 

o 
s 

<; 

1 
1 

2 

s 

•E. 

'Si 

1 

ca 

6623 
6624 

18 
Oct.  18 

Oct.  18 

90. 

Oct.  21 

Oct.  21 

None. 
None. 

None. 
None. 

0.05 
0.00 

_ 

.0000 
.0002 

.0056 
.0036 

.42 
.43 

.0100 
.0250 

.0001 
.0001 

1.9 
2.1 

Odor,  none. Sample  No.  6623  was  collected  from  well  No.  37.    Sample  No.  6624  was  collected 

from  well  No.  36.    These  wells  are  19  feet  apart.    Temperature  of  well  No.  37,  57°  F.;  of  well  No.  36,  65°. 


Microscopical  Examination. 

No.  6623.    Diatomacese,  Asterionella,  1;  Melosira,  21;  Tabellaria,  1.    Total  organisms,  24. 
No.  6624.    Diatomacete,  Ta^fiZtana,  1. 


214 


STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 
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Chemical  Examination  of  Water  from  the  Charles  River,  opposite  the  Filter-basin 
of  the  Newton  Water  Works. 

[Parts  per  100,000.] 


Bate  of 

Appearance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

3 

AS 

a" 

>. 

S 

c 

rt 

oj 

Albuminoid. 

g 

1 

% 

s 

■3 

"2 
> 
0 

■i 

-a 
,  c 

0) 

•a 

■q 

•A 

3 

o  '^ 

y 

CO 

3  P. 

Si 

.ti 

03 

"A 

o 

y 

E-i 

m 

a 

t,    . 

a" 

fa 

H 

5    !  CO 

0 

^ 

!z; 

W 

18 

90. 

6302 

July  28 

July  29 

V.  sl't. 

V.  sl't. 

0.35 

3.80 

1.20 

.0010 

.0262 

.0218  .0044 

.38 

.0010 

.0002 

1.89 

6622 

Oct.  18 

Oct.  21 

V.  sl't. 

Slight. 

1.30 

- 

-. 

.0048 

.0306 

.0284  .0022 

1 

.43 

.0100 

.0003 

1.56 

Odor,  vegetable. The  samples  were  collected  from  the  river. 

Microscopical  Examin atio7i. 

No.  6302.  Diatomacese,  JEpithemia,  6;  Nitzchia,  pr.;  Syiiedra,Z.  Cyanophyceas,  Oscillaria,  pr. 
Algse,  Chlorococcu-s,  5;  Goelastrum,  2;  Scenedesnvus,  pr.;  Spharozosnia,  pr.;  Spirogyra,pr.  Fungi, 
Crenothrix,  7.    Infusoria,  Feridinium,  3.    Total  organisms,  26. 

♦2^0.6622.    Diatomacese,  ^ayic?«^a,  1;  Tabellaria,  5.    Fungi,  Orenothrix,n.    Total  organisms,  23. 


Water  Supply  of  Northbridge. — Whitin  Machine  Works. 


Ch&mical  Examination  of  Water  from  the  Reservoir  of  the  Northbridge 

Water  Works. 

[Parts  per  100,000.] 


5574 


Date  of 

Appearance. 

] 

1 

c 
0 

.2 

03 

>. 

c 

0 

is 
3 

a 

s. 

0 

H 

H 

02        1       0 

18 

90. 

1 

Jan.  31 

Feb.    1 

V.Bl't. 

V.sl't. 

0.05 

Residue  on 
Evapora- 
tion. 


2.95  10.90 


Ammonia. 

Nitrogen 

AS              ] 

Albuminoid. 

■a 

-d 

> 

-a 

^ 

ii 

« 

aj 

03 

0 

1  c 

0 

^ 

fc( 

H 

Q 

OD 

0 

^             «      II 

.0000 

.0042 

.0030 

.0012 

.0090 

.0001 

Odor,  none. The  sample  was  collected  from  the  reservoir.    This  reservoir  supplies  the  village 

of  Whitinsville,  in  Northbridge. 

Microscopical  Examination. 

Diatomacese,  Tabellaria,  pr.    Algse,  Ghlorococcws,  7.    Total  organisms,  7. 
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Water  Supply  or  Norwood. 

Chemical  Examinatio^i  of  Water  from  Buckmaster  Pond,  in  Dedham. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 

EVAPORA-  1 
TION.    1 

Ammonia. 

s 

Nitrogen 

AS 

5 

1 
o 

1 
1  ^ 
a 

is 

1 

% 
o 

o 

c 
o 

lOl-H 

L4 

Albuminoid.   | 

•2 
a 

a 

3 

o 

I 
o 

5 

1  s 
to 

4831 

18 

June  13 

89. 

June  14 

Slight. 

Dist't. 

0.10 

_ 

_ 

.0002 

.0216 

.0166 

.0050 

.0080 

.0000 

_ 

4930 

July  10 

July  11 

Slight. 

Slight. 

0.10 

- 

- 

.0008 

.0260 

.0212 

.0048 

- 

.0030 

.0001 

- 

5065 

Aug.  15 

Aug.  16 

Dist't. 

Slight. 

0.05 

- 

- 

.0006 

.0224 

.0190 

.0034 

- 

.0060 

.0000 

- 

5176 

Sept.  12 

Sept.  14 

Slight. 

Cons. 

0.00 

- 

- 

.0032 

.0200 

.0182 

.0018 

- 

.0040 

.0000 

- 

5252 

Oct.  14 

Oct.  16 

V.  sl't. 

V.sl't. 

0.05 

- 

- 

.0026 

.0204 

.0188 

.0016 

- 

.0020 

.0000 

- 

5354 

Nov.  18 

Nov.  19 

V.Bl't. 

V.sl't. 

0.15 

- 

- 

.0036 

.0198 

.0176 

.0022 

- 

.0060 

.0000 

- 

5436 

Dec.  12 

Dec.  13 

V.Bl't. 

Slight. 

0.10 

- 

- 

.0034 

.0162 

.0150 

.0012 

- 

.0040 

.0001 

- 

5521 

18 

Jan.  12 

90. 

Jan.  14 

V.sl't. 

V.sl't. 

0.05 

- 

_ 

.0008 

.0164 

.0128 

.0036 

_ 

.0080 

.0001 

- 

5672 

Feb.  13 

Fel).  14 

V.sl't. 

V.sl't. 

0.05 

- 

- 

.0002 

.0146 

.0128 

.0018 

- 

.0050 

.0000 

- 

5776 

Mar.  11 

Mar.  12 

V.sl't. 

V.sl't. 

0.10 

- 

- 

.0000 

.0148 

.0132 

.0016 

.33 

.0080 

.0001 

- 

5866 

Apr.  9 

Apr.  11 

V.sl't. 

Slight. 

0.05 

- 

- 

.0016 

.0168 

.0130 

.0038 

.28 

.0070 

.0000 

- 

5975 

May  15 

May  15 

V.sl't. 

V.sl't. 

0.10 

- 

- 

.0010 

.0134 

.0128 

.0006 

.28 

.0030 

.0000 

- 

6083 

June  17 

June  18 

V.sl't. 

V.sl't. 

0.03 

- 

.0018 

.0152 

.0124 

.0028 

.27 

.0050 

.0000 

- 

6225 

July  14 

July  15 

'  Slight. 

Slight. 

0.03 

3.25 

- 

.0012 

.0188 

.0170 

.0018 

.28 

.0000 

.0001 

1.3 

6413 

Aug.  14 

Aug.  16 

Slight. 

Slight. 

0.00 

2.55 

1.20 

.0022 

.0218 

.0182 

.0036 

.33 

.0085 

.0000 

1.1 

6512 

Sept.  13 

Sept.  16 

Slight. 

Slight. 

0.02 

2.25 

1.05 

.0004 

.0222 

.0146 

.0076 

.26 

.0020 

.0000 

0.8 

6612 

Oct.  15 

Oct.  17 

Slight. 

Slight. 

0.10 

2.40 

0.95 

.0020 

.0224 

.0152 

.0072 

.32 

.0080 

.0000 

0.8 

6745 

Nov.  20 

Nov.  21 

V.Bl't. 

Slight. 

0.05 

2.70 

0.80 

.0024 

.0202 

.0152 

.0050 

.31 

.0100 

.0000 

0.9 

6838 

Dec.  18 

Dec.  19 

V.sl't. 

V.sl't.  0.05 

3.05 

0.95 

.0046 

.0188 

.0186 

.0002 

.35 
.30 

.0250 

.0000 

1.1 

Av. 

0.06 

2.59 

0.99 

.0017 

.0190 

.0159 

.0031 

.0064 

.0000 

1.0 

Odor,  generally  vegetable,  rarely  disagreeable,  occasionally  none. The  samples  were  collected 

from  the  pond. 
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NORWOOD. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample, 


June.    July.     Aug. 


14 
4831 


11 
4930 


16 
5065 


Sept. 


16 
5176 


16 
5252 


19 
5354 


14 
5436 


15 
5521 


15 
5672 


14 
5776 


PLANTS. 
Diatomacese, 


Asterionella,    . 
Melosira,  . 
Stephanodiscus, 
Synedra,  . 


Cyanophycese, 


Anabcena, 
Chroococcus, 
Microc3'stis, 
Nostoc,     . 


Algse,  . 

Chlorococcus,  . 

Desmidium, 

Gloeocapsa, 

Merismopedia, 

Raphidium, 

Spheerozosma, 

Spirotsenia, 


pr. 


pr. 


pr. 

0 

0 

0 

pr. 


0 

0 

pr. 

pr. 


0 

0 

0 

pr. 


28 

0 

28 

0 

pr. 


45 


pr. 
0 
0 
0 


pr. 
0 
0 
0 


ANIMALS. 
Rhizopoda.    Actinophrys, 


Infusoria, 

Dinobryon, 
Peiidinium, 
Vorticella, 


Crustacea.    Cyclops,    . 
Porifera.    Sponge  spicules. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

79 

216 

7 

1 

0 

0 

8 

6 

0 

'-0 

0 

79 
0 

196 

20 

0 

0 

7 
0 

1 
0 
0 

0 
0 
0 

0 
0 
0 

8 
0 
0 

5 
1 
0 

pr. 

pr. 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

83 

218 

14 

.  52 

62 

9 

13 

21 

Total  Organisms, 
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N^ORTVOOD. 

Microsco2ncal  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

12 

16 

18 

16 

19 

16 

17 

22 

19 

Number  of  sample 

5S66 

5975 

6083 

6225 

6413 

6512 

6612 

6745 

6838 

PLANTS. 

Diatomacese,     .... 

12 

8 

4 

3 

1 

2 

54 

53 

,     26 

Asterionella,         .... 
Melosira,       ....'. 
Stephanodiscus,  .... 
Synedra, 

8 
0 
0 
4 

4 
0 
2 
2 

0 
0 
3 
1 

0 
0 
3 
0 

0 
0 
0 

1 

0 
0 
0 
2 

0 
52 
2 
0 

30 
8 

12 
3 

0 
0 
0 

26 

Cyanoplaycege,  .... 

0 

0 

0 

19 

0 

22 

35 

179 

8 

Anabaena, 

Chroococcus 

Microcystis 

Nostoc 

.0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

19 
0 
0 
0 

0 
0 
0 
0 

0 

22 

0 

0 

0 
17 
18 

0 

0 
46 
104 
29 

0 

8 
0 
0 

Algse, 

pr, 

47 

27 

13 

12 

35 

50 

31 

15 

Chlorococcus, 
Desmidium, . 
Glojocapsa,  . 
Merismopedia, 
Raphidium, . 
Sphserozosma, 
Spirota3nia,  . 

0 
0 
0 
0 
0 

4 
0 
0 
0 
43 
0 
0 

27 
0 
0 
0 
0 
0 
0 

13 
0 
0 
0 
0 
0 
0 

12 
0 
0 
0 
0 
0 
0 

0 
0 
35 
0 
0 
0 
0 

0 
0 
0 
28 
22 
0 
0 

6 
0 
0 
0 
25 
0 
0 

0 
0 
0 
0 
0 
15 
0 

ANIMALS. 

Rhizopoda.     Actinophrys, 

0 

0 

0 

0 

0 

0 

1 

5 

0 

Infusoria, 

2 

0 

0 

33 

9 

12 

0 

6 

148 

Dinobryon, 

Peridinium, 

Vorticella,    ..... 

0 

2 
0 

0 
0 
0 

0 
0 
0 

26 

0 
9 
0 

0 

12 

0 

0 
0 
0 

6 
0 
0. 

148 
0 
0 

Crustacea.    Cyclops, 

0 

P""". 

0 

0 

0 

0 

0 

0 

0 

Porifera.    Sponge  spicules, 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

Total  Organisms, 

14 

55 

31 

68 

22 

71 

140 

274 

197 
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Water  Supply  of  Peabody. 


Chemical  Examinatioji  of  Water  from  Spring  Pond,  in  Peabody, 

[Parts  per  100,000.] 


Date  of 

APPEAKANCE. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

a 

^ 

Albuminoid. 

■a 
S 

3 

o 

03 

3 

S 

a 

§ 

■3 

|& 

rt 

> 

0 

0 

'u 
0 

-2 

1 

C3 

-a 

o 

0 

0 

s  a. 

O              W 

e 

m 

O 

H 

h^ 

•  fe 

H 

a 

OS 

d 

;z; 

;zi 

ai 

isIqo. 

6827 

Dec.  15   Dec.  16 

V.sl't. 

V.sl't. 

0.0 

4.15 

1.35 

.0006 

.0174 

.0166 

.0008 

.67 

.0150 

.0000 

1.3 

Odor,  very  faintly  vegetable. The  sample  was  collected  from  tlie  pond. 


Microscopical  Examination. 

Diatomaceae,  ITfitosira,  2;  Stephanodiscus,1;  Sy7iedra,Z;  Tabellaria,  292.    A^^ss,  Raphidmm,  2. 
Infusoria,  Dinohryon,  4;  Peridinium,  1.    Total  organisms,  306. 


Pittsfield. 

Chemical  Examination  of  Water  from  Pontoosuc  Lake,  Pittsfield. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

JSitrogen 
as 

c 

Albuminoid. 

^ 

'O 

■a 

a> 

M 

s 

1 

0 

a -2 

2 

S 

3 

a 

■3 

S 

rt 

0  M 

"3 

> 

1  « 
3P, 

0 

S 

1 

s 
■a 

(Zi 

0 

H 

H 

m 

0 

H 

>-] 

P^ 

.H 

■q 

CO 

0 

2 

|Zi 

a 

18  90. 

5630 

Feb.  11   Feb.  12 

V.sl't. 

Slight. 

0.0 

9.05 

0.60 

.0000 

.0062 

.0048 

.0014 

.07 

.0250 

.0002 

- 

Odor,  none. The  sample  was  collected  from  the  lake. 


Microscopical  Examinatiori. 

Diatomacese.  Asterionella,  144;  Synedra,  6.    Infusoria,  Dinohryon,  6;  Manas,  10.    Total  organ- 


isms, 166. 
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PITTSFIELD. 

Chemical  Examination  of  Water  from  Onota  Lake,  Pittsfield. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

1 

o 

Albuminoid. 

1 

^ 

o 

S-~ 

2 

S 

c* 

oS 

■a 

>; 

■a 

1 

'S 

V 

"A 

o 

H 

B 

o 
O 

o 

^ 

&^ 

o 

c 

CO 

o 

g 

:zi 

B 

18 

90. 

5717 

Feb.  2.5 

Feb.  26 

Slight. 

Cons. 

0.00 

7.30 

1.35 

.0024 

.0118 

.0096 

.0022 

.10 

.0070 

.0001 

6.7 

Odor,  none. The  sample  was  collected  from  the  lake. 

Microscopical  Exaviination. 

Diatomaceae,  Asterionella,  14;  Fragillaria,  pr.;  Navicula,  pr.;  Stephanodiscus,  2;  Synedra,  31. 
Fungi,  Crenothrix,  pr.    Infusoria,  Dinobryon,  40;  Peridinium,  pr.    Total  organisms,  87. 

Plymoutpi. 

Chemical  Examination  of  Water  from  Pilgrim  Spring,  Plymouth, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

iVMMONIA. 

Nitrogen 

o 

o 

>> 

^ 

IS 

^ 

.3 

s 

o 

a| 

S 

■   .§ 

u 

3  ?-■ 

6 

=1 

o 

1 

S 

:zi 

o 

S 

!» 

o 

« 

^ 

J5 

o 

g 

S 

C3 

18 

90. 

5915 

Apr.  29 

Apr.  30 

None. 

None. 

0.0 

8.20 

.0000 

.0008 

1.43 

.2500 

.0001 

3.1 

6361 

Aug.    5 

Aug.    6 

None. 

None. 

0.0 

8.60 

.0000 

.0010 

1.26 

.2250 

.0000 

2.3 

Odor,  none. The  samples  were  collected  from  the  spring. 

Microscopical  Examination. 

No.  6361.     No  organisms. 


Chemical  Examinatioji  of  Water  from  a  Tubular  Well  in  Plymouth. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

o 

Ammonia. 

Nitrogen 
as 

3 

1 

o 
o 

S 

."•3 

a§ 

(S-S 

3 

1 
■3 

3  > 

6 

s 

"3 

s 

1 

■2 

i 

G 
C3 

Ui 

H 

03 

O 

« 

&:. 

<i 

o 

!zi 

!zi 

a 

18 

90. 

6329 

Aug.  1 

Aug.   2 

None. 

Very  slight. 

0.00 

3.60 

.0000 

.0014 

.56 

.0060 

.0000 

1.5 

Odor,  none. The  sample  was  collected  from  a  tubular  well  at  Morton  Park,  about  100  feet  from 

Little  Pond. 


No  organisms. 


Microscopical  Examination. 
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QUINCT. 

Water  Supply  of  Quincy. 


QuiNCY  Water  Company. 

Storage  Reservoir 


Chemical  Exanmialion  of  Water  from  Toivn  Brook  just  above  the 
of  the  Quincy  Water  Company. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

KESIDnE  ON 

Evapora- 
tion. 

Ammonia. 

6 

a 

o 

S 
o 

Nitrogen 

AS 

3 
o 

"o 

1 
■3 

OS 

o 
O 

"3 

o 

S 

s 

o 

£ 

Albuminoid. 

0) 

a 

a 

s 
'A 

o 

> 

s 

•6 

■a 

02 

c 
V 

4823 

18 

June  12 

89. 

June  13 

Slight. 

Cons. 

2.80 

5.75 

2.55 

.0038 

.0406 

.0376 

.0030 

.46 

.0060 

.0002 

_ 

4939 

July  15 

July  16 

Slight. 

Cons. 

1.40 

- 

- 

.0034 

.0250 

.0210 

.0040 

.47 

.0100 

.0003 

- 

5070 

Aug.  16 

Aug.  17 

V.sl't. 

Slight. 

1.50 

- 

- 

.0.000 

.0312 

.0298 

.0014 

- 

.0030 

.0000 

- 

5181 

Sept.  16 

Sept.  17 

V.  sl't. 

Cons. 

2.00 

- 

- 

.0026 

.0362 

.0308 

.0054 

- 

.0040 

.0001 

- 

5261 

Oct.  16 

Oct.  16 

V.sl't. 

V.  sl't. 

0.70 

- 

- 

.0002 

.0174 

.0146 

.0028 

- 

.0020 

.0000 

- 

5373 

Nov.  20 

Nov.  21 

V.  sl't. 

Cons. 

0.50 

- 

- 

.0002 

.0170 

.0138 

.0032 

- 

.0100 

.0001 

- 

5450 

Dec.  17 

Dec.  18 

V.sl't. 

V.sl't. 

0.20 

- 

- 

.0018 

.0118 

.0096 

.0022 

- 

.0150 

.0000 

- 

5556 

IS 

Jan.  21 

90. 

Jan.  22 

V.sl't. 

Slight. 

0.40 

_ 

_ 

.0016 

.0110 

.0098 

.0012 

_ 

.0150 

.0000 

_ 

5704 

Feb.  24 

Feb.  25 

V.sl't. 

Slight. 

0.15 

- 

- 

.0014 

.0090 

.0056 

.0034 

- 

.0150 

.0002 

- 

5797 
5895 

Mar.  18 
Apr.  16 

Mar.  19 
Apr.  17 

V.sl't. 
V.sl't. 

Slight, 
earthy. 
V.  sl't. 

0.45 
0.35 

- 

- 

.0000 
.0004 

.0092 
.0136 

.0064 
.0120 

.0028 
.0016 

.46 
.47 

.0180 
.0080 

.0000 
.0002 

- 

5996 

May  20 

May  21 

Slight. 

Cons. 

1.10 

- 

- 

.0008 

.0260 

.0218 

.0042 

.47 

.0060 

.0001 

- 

6120 

June  24 

June  25 

Slight. 

Cons. 

0.80 

- 

- 

.0046 

.0194 

.0154 

.0040 

.43 

.0075 

.0001 

- 

6270 

July  21 

July  22 

V.sl't. 

Slight. 

0.80 

4.85 

- 

.0028 

.0172 

.0148 

.0024 

.52 

.0085 

.0003 

- 

6420 

Aug.  19 

Aug.  20 

Slight. 

Cons. 

0.65 

5.50 

2.30 

.0138 

.0428 

.0326 

.0102 

.54 

.0150 

.0002 

1.7 

6515 

Sept.  16 

Sept.  17 

Slight. 

Cons. 

2.30 

7.25 

3.70 

.0012 

.0376 

.0340 

.0036 

.45 

.0120 

.0002 

1.7 

6629 

Oct.  21 

Oct.  21 

V.sl't. 

Slight. 

1.20 

5.25 

2.10 

.0006 

.0190 

.01.'J8 

.0032 

.69 

.0080 

.0003 

1.3 

6755 

Nov.  24 

Nov.  25 

None. 

Slight. 

0.40 

4.30 

1.25 

.0010 

.0102 

.0086 

.0016 

.55 

.0150 

.0001 

1.3 

6844 

Dec.  22 

Dec.  23 

V.sl't. 

Slight. 

0.15 

3.80 

1.50 

.0010 

.0094 

.0086 

.0008 

.59 
.51 

.0220 

.0002 

1.3 

Ay 

0.94 

5.31 

2.23 

.0022 

.0212 

.0180 

.0032 

.0105 

.0001 

1  3 

Odor,  faintly  vegetable,  increased  on  heating. - 
the  storage  reservoir. 


The  samples  were  collected  from  the  brook  above 
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Microscopical  Exmnination. 

[Number  of  organisms  per  cubic  centimeter.] 


221 

QUIlSrCY. 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,    .... 

13 

16 

16 

17 

17 

23 

18 

23 

25 

21 

Number  of  sample 

4823 

4939 

5070 

5181 

5261 

5373 

5450 

5556 

5704 

5797 

PLANTS. 

Diatomacese,        .... 

3 

0 

0 

pr. 

pp. 

9 

g 

19 

15 

5 

Ceratoneis,       ...'.. 

Meridiou, 

Navicula, 

.   Synedra, 

Tabellaria, 

0 
0 

1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

pr. 

pr. 

0 
pr. 

0 
0 
0 

1 
pr. 
pr. 

4 
4 

0 
pr. 
2 
5 
2 

4 
2 
0 
9 
4 

1 

5 
1 
4 

4 

3 
1 
0 

1 
1 

Cyanophyceas.    Chroococcus,   . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Algse.     Staurastrum, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Fungi.    Crenothrix, 

20 

17 

pr. 

46 

0 

pr. 

0 

0 

0 

0 

ANIMALS. 

Infusoria 

0 

1 

2 

0 

2 

0 

0 

0 

0 

0 

Ciliated  infusorian, 

Mciiafi, 

Peridiuium,      ..... 
Synura 

0 
0 
0 
0 

1 

0 
0 
0 

2 
0 
0 
0 

I 
0 
0 

0 

0 

2 

pr. 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

Porifera.    Sponge  spicules,   . 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Oeganisms,    . 

23 

18 

2 

46 

2 

9 

9 

19 

15 

5 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

19 

21 

27 

22 

20 

17 

22 

26 

23 

Number  of  sample 

5895 

6996 

6120 

6270 

6420 

6515 

6629 

6755 

6844 

PLANTS. 

Diatomacese,     .... 

7 

14 

6 

3 

0 

9 

0 

45 

20 

Ceratoneis, 

Meridion 

Navicula 

Synedra, 

Tabellaria 

pr. 
1 
0 
6 
0 

4 
0 
0 
8 
2 

4 
0 
0 
2 
0 

0 
0 

2 
1 
0 

0 
0 
0 
0 
0 

0 
6 
2 
1 
0 

0 
0 
0 
0 
0 

0 

31 

3 

7 
4 

0 

15 

3 

CyanophyceEe.    Chroococcus, 

0 

0 

0 

0 

31 

0 

0 

0 

0 

Algae.     Staurastrum,     . 

pr. 

2 

0 

0 

13 

0 

0 

0 

0 

Fungi.    Crenothrix,     .        . 

pr. 

2 

0 

4 

11 

26 

20 

pr. 

0 

ANIMALS. 

Infusoria, 

34 

0 

0 

6 

2 

0 

0 

4 

pr. 

Ciliated  infusorian, 

Monas 

Peridinium 

Synura, 

0 

0 

0 

34 

0 
0 
0 

0 

0 
0 
0 
0 

0 
3 
0 
3 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

4 

■     0 

0 

pr. 

0 

0 

Porifera.    Sponge  spicules, 

0 

2 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms, 

41 

20 

6 

13 

57 

35 

20 

49 

20 
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Chemical  Examination  of  Water  froin  the  Storage  Resei'voir  of  the  Quincy 

Water  Company. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

6 

SlTROGEN 
AS 

o 

Eh 

-4 

a 

'■3 

02 

o 

8 

o 

3 

o 
1-1 

i 

Albuminoid. 

s 

g 

u 

.a 

a 
1 

"3 

5 

• 

3  P. 

w 

18 

89. 

4824 

June  12 

June  13 

V.  sl't. 

Slight. 

1.20 

4.70 

2.00 

.0226 

.0382 

.0344 

.0038 

.48 

.0050 

.0002 

- 

4940 

July  15 

July  16 

Dist't. 

Cons. 

1.80 

- 

- 

.0042 

.0560 

.0402 

.0158 

.53 

.0020 

.0002 

- 

5071 

Aug.  16 

Aug.  17 

Slight. 

Slight. 

1.40 

- 

- 

.0200 

.0466 

.0386 

.0080 

- 

.0020 

.0001 

- 

5182 

Sept.  16 

Sept.  17 

V.sl't. 

Slight. 

1.80 

- 

.0352 

.0356 

.0336 

.0020 

- 

.0050 

.0004 

- 

6262 

Oct.  16 

Oct.  16 

V.sl't. 

Slight. 

1.50 

~ 

- 

.0144 

.0330 

.0282 

.0048 

- 

.0150 

.0005 

- 

5374 

Nov.  20 

Nov.  21 

V.sl't. 

V.sl't. 

1.00 

- 

- 

.0068 

.0238 

.0184 

.0054 

- 

.0230 

.0002 

- 

5451 

Dec.  17 
18 

Dec.  18 
90. 

Dist't. 

Slight. 

0.30 

- 

- 

.0238 

.0152 

.0132 

.0020 

- 

.0150 

.0001 

- 

5557 

Jan.  21 

Jan.  22 

Dist't. 

Cons. 

0.40 

- 

- 

.0210 

.0166 

.0122 

.0044 

- 

.0250 

.0001 

- 

5705 

Feb.  24 

Feb.  25 

Dist't. 

Slight. 

0.20 

- 

- 

.0140 

.0162 

.0100 

.0062 

- 

.0150 

.0002 

- 

5798 

Mar.  18 

Mar.  19 

Slight. 

Cons. 

0.35 

- 

- 

.0048 

.0136 

.0090 

.0046 

.51 

.0210 

.0001 

- 

5896 

Apr.  16 

Apr.  17 

Dist't. 

Slight. 

0.25 

- 

- 

.0016 

.0168 

.0104 

.0064 

.49 

.0150 

.0002 

- 

5995 

May  20 

May  21 

Slight. 

Cons. 

0.40 

- 

- 

.0016 

.0252 

.0168 

.0084 

.48 

.0070 

.0001 

- 

6119 

June  24 

June  25 

Dist't. 

Slight. 

0.60 

- 

- 

.0028 

.0302 

.0226 

.0076 

.51 

.0125 

.0001 

- 

6271 

July  21 

July  22 

Slight. 

Cons. 

0.80 

4.30 

- 

.0022 

.0440 

.0274 

.0166 

.56 

.0000 

.0004 

- 

6419 

Aug.  19 

Aug.  20 

Slight. 

Cons. 

0.95 

4.40 

2.05 

.0110 

.0360 

.0272 

.0088 

.54 

.0040 

.0001 

1.6 

6516 

Sept.  16 

Sept.  17 

V.  sl't. 

Slight. 

1.10 

4.95 

1.80 

.0170 

.0312 

.0260 

.0052 

.50 

.0150 

.0002 

1.4 

6628 

Oct.  21 

Oct.  21 

V.sl't. 

Slight. 

1.50 

4.85 

2.10 

.0144 

.0278 

.0258 

.0020 

.56 

.0250 

.0003 

1.4 

6756 

Nov.  24 

Nov.  25 

V.sl't. 

Slight. 

0.90 

4.10 

1.45 

.0054 

.0206 

.0164 

.0042 

.57 

.0250 

.0002 

1.3 

6845 

Dec.  22 

Dec.  23 

Slight. 

Slight. 

0.90 

4.50 

1.40 

.0064 

.0200 

.0096 

.0104 

.63 
.53 

.0350 

.0002 

1.3 

Av. 

0.91 

4.58 

1.80 

.0121 

.0288 

.0221 

.0067 

.0140 

.0002 

1.3 

Odor,  generally  faintly  vegetable.  - 
surface  at  the  dam. 


■  The  samples  were  collected  from  the  reservoir,  near  the 
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Microscojncal  Excmiination. 

[Number  of  organisms  per  cubic  centimeter.] 


223 

QUIiSrCY. 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination 

13 

16 

16 

17 

18 

23 

18 

23 

25 

21 

Number  of  sample,       .... 

4824 

4940 

5071 

5182 

5262 

5374 

5451 

5557 

5705 

5798 

PLANTS. 

Diatomaceae,         .... 

0 

1 

0 

pr. 

1 

pr. 

4 

4 

31 

166 

Asterionella, 

Synedra 

Tabellaria,        .        .         .        . 

0 
0 
0 

0 
0 

1 

0 
0 
0 

0 

pr. 

0 

0 

1 
0 

0 
pr. 

0 

0 
4 
0 

0 

4 

pr. 

0 

25 

6 

4 
161 

1 

Algee, 

0 

941 

3 

40 

0 

0 

0 

pr. 

21 

48 

Chlorococcus 

Closterium,       .'.... 

Cosmariura 

Staurastrum 

Staurogenia, 

0 
0 
0 
0 
0 

940 
1 
0 
0 
0 

2 
1 
0 
0 
0 

38 
0 
0 
2 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
pr. 
0 
0 
0 

pr. 

21 

0 

0 

0 

1 

47 

pr. 

0 

0 

Fungi.     Crenothrix, 

2 

3 

0 

pr. 

pr. 

6 

pr. 

pr. 

0 

0 

ANIMALS. 

Infusoria 

0 

1 

2 

140 

0 

0 

0 

4 

24 

101 

Dinobryon, 

Monas, 

Peridinium, 

Synura 

Trachelomonas,       .... 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

2 
0 
0 
0 
0 

140 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
4 
0 
pr. 

14 
pr. 

10 
0 
0 

12 
69 
20 
0 
0 

Vermes, 

0 

0 

pr. 

0 

0 

pr. 

pr. 

0 

pr. 

pr. 

Anurea 

Polyarthra, 

Rotatorian  ova,        .... 

0 
0 
0 

0 
0 
0 

0 

pr. 

0 

0 
0 
0 

0 
0 
0 

0 

0 

pr. 

0 
pr. 

0 

0 
0 
0 

0 

pr. 

0 

0 

^^6 

Crustacea.    Cyclops,    . 

pr. 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms,    . 

2 

946 

5 

180 

1 

6 

4 

8 

76 

315 
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QTJJNCY. 

Microscopical  Examination  — '■  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

' 

April. 

May. 

June. 

July. 

•  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

19 

21 

27 

22 

20 

17 

22 

26 

23 

Number  of  sample,  .... 

5896 

5995 

6119 

6271 

6419 

6516 

6628 

6756 

6845 

PLANTS. 

Diatomacese,     .... 

753 

2,726 

146 

936 

742 

195 

211 

474 

177 

Asterionella 

Synedra, 

Tabellaria 

0 

750 

3 

2,720 
4 
2 

134 

8 
4 

656 

280 

0 

742 

pr. 

0 

195 
0 
0 

211 
0 
0 

455 
9 
10 

177 
0 
0 

Algse, 

1 

52 

494 

682 

90 

85 

0 

0 

0 

Chlorococcns,       .... 

Closterium, 

Cosmarium, 

Staurastrum,         .        .        . 
Staurogenia 

0 
1 
0 
0 
0 

38 
0 
0 

14 
0 

14 

0 

4 

0 

476 

6 

0 

92 

584 
0 

87 
pr. 
0 
\ 
2 

85 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Fungi.    Crenothrix, 

1 

1 

0 

0 

0 

0 

3 

1 

0 

ANIMALS. 
Infusoria,    . 

Dinobryon,   . 
Monas,  . 
Peridinium,  . 
Synura, 
Trachelomonas,    . 

Vermes, 

Anurea, 
Polyarthra,   . 
Rotatorian  ova,    . 

Crustacea.    Cyclops, 


57 

1,458 

14 

6 

9 

0 

0 

2 

4 

1,246 

14 

0 

6 

0 

0 

0 

45 

0 

0 

0 

0 

0 

0 

0 

7 

2 

0 

0 

0 

0 

0 

2 

1 

210 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

3 

0 

0 

0 

0 

2 

2 

2 

1 

3 

0 

0 

0 

0 

0 

0 

1 

3 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

2 

0 

2 

0 

0 

0 

0 

pr, 

pr. 

0 

0 

0 

0 

2 

pr. 

812 

4,239 

656 

1,626 

842 

283 

216 

477 

26 


Total  Organisms, 
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randolph. 
Water  Supply  of  Randolph  and  Holbeook. 

Chemical  Examination  of  Water  from  the  Brook  flowing  from  Great  Pond  in 
Randolph  and  Braintree. 

[Parts  per  100,000.] 


i 

Kesiddeon 

Nitrogen 

Date  of 

Appearance. 

Evapora- 

Ammonia. 

AS 

tion. 

s 

13 

c 
.2 

o 

'A 

■3 
s 

a 

1 
■3 

% 

"3 
o 

S 

O  bo 

Albuminoid. 

"S 

'C 

a 

otal. 
issolved. 

•a 

=  o. 

■3 

3 

a 

'A 

o 

» 

M 

o 

H 

hJ 

£ 

H    1    a 

OQ 

18 

90. 

6835 

Dec.  16  Dec.  18 

V.sl't. 

Slight. 

0.40 

4.05 

1.25 

.0018 

.0202  .0196 

.0006 

.53 

.0220 

.0000 

1.1 

Odor,  distinctly  vegetable. The  sample  was  collected  from  the  brook  a  short  distance  below  the 

pond. 

Microscopical  Examination, 

Diatomaceas,  iferidion,  4;  Navicula,  2;  Nitzchia,  pr.;  Pinnularia,  2;  Synedra,  8;  Tabellaria, 
pr.  Cyanophycese,  ^?iadce7ia,  2.  Algae,  Staurastrum,  pr.  Fungi,  Beggiatoa,  1 ;  Crenothrix,  6.  Total 
organisms,  25. 


Proposed  Water  Supply  of  Reading. 

The  following  samples  were  taken  from  a  tubular  test  well  near 
the  Ipswich  River,  just  above  Mill  Street,  in  the  northerly  part  of 
Reading.  Works  for  supplying  the  town  from  this  source  are  now 
nearly  completed. 

Chemical  Examinatio7i  of  Water  from  a  Tubular  Well  in  Reading. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

s 

Ammonia. 

B 

'u 
o 

Nitrogen 

AS 

a 

3 

o 
1 

S 
3  § 

a 

3 

o 

s 

o 

5 

g 
g 

a 

5565 
5801 

18 

Jan.  24 

Mar.  20 

90. 

Jan.  24 

Mar.  21 

Decided. 
Distinct. 

Cons.,  e'thy. 
Cons.,  e'thy. 

0.00 
0.00 

8.10 

.0008 
.0000 

.0030 
.0018 

.50 
.88 

.0120 
.0060 

.0001 
.0000 

3.0 
3.2 

Odor,  none. The  samples  were  collected  from  a  tubular  test  well,  after  pumping  but  a  short 

time,  which  accounts  for  the  turbidity  and  sediment. 


No  organisms. 


Microscopical  Examination. 
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REVERE. 

Watee  Supply  or  Eevere. — Revere  Water  Company. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Revere  Water  Company. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

_s 

Ammonia. 

IvITROGEN 
AS 

o 

S 

i^ 

^ 

o 

A 

H 

£  5 

1 

S 

c 

s     s  £ 

c 

1 

'C 

^ 

O 

K 

^ 

!            »:■ 

!:j 

K 

fe       < 

O 

Jz; 

;zi 

W 

18  90. 

5809 

Mar.  24  Mar.  24 

Slight. 

None. 

0.0 

- 

.0008 

.0012 

3.39 

.1750 

.0024 

- 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  boiler-room  at  the  pumping-station. 

Microscopical  Examination. 

Diatomacese,  Melosira,  9. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Revere 

Water  Company. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

c 
o 

Ammonia. 

Nitrogen 

AS 

J2 

a 

S 

a 
o 

A 

S 

g 

§1 
m  OS 
S  > 

o3 

2 
o 

is 

c 

1 

-2 

c 

S5 

O 

H 

E- 

m 

o 

*- 

fe 

^ 

O 

'^ 

S 

w 

18 

90. 

5810 

Mar.  24 

Mar.  24 

Very  slight. 

Very  slight. 

0.0 

~ 

.0010 

.0042 

3.26 

.1200 

.0018 

- 

Odor,  none;  unpleasant  when  heated. The  sample  was  collected  from  the  reservoir  at  the  sur- 


face. 


Microscopical  Examination. 

Diatomaceas,  Asterionella,  43;   Synedra,  * 4,000.    Total  organisms,  4,043. 

ROCKPORT. 

Chemical  Examination  of  Water  from  Cape  Pond,  Rockport. 

[Parts  per  100,000.] 


Odor,  vegetable  and  somewhat  unpleasant. No.  5803  was  taken  from  the  pond  at  the  south- 
easterly end,  near  a  swamp.  No.  5811  was  collected  from  near  the  middle  of  the  pond,  at  the  surface. 
No.  5812  was  collected  at  the  same  place  as  No.  5811,  but  at  a  depth  of  18  feet  beneath  the  surface  where 
the  total  depth  was  20  feet. 


*  Estimated. 
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ROCKPORT. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Mar.  Mar. 


Day  of  examination,  .        .        .        . 
Number  of  sample 

PLANTS. 
Diatomacese,       .       .       .       . 

Asterionella, 

Stephanodiscus 

Tabellaria, 

Cyanoptiycese.    Chroococcus, . 

Algae, 

Chlorococous,         .        .        .        . 

Coslastrum, 

Dictyosphserium,  .        .        .        . 

Spirotsenia, 

Staurastrum, 

Zoospores 

ANIMALS 
Infusoria, 

Dinobryon 

Monas,    .  • 

Peridinium, 

Trachelomonas,     .        .        .        . 

"Vermes.     Polyarthra,    . 

Crustacea 

Cyclops, 

Daphnla, 

Total  Oeganisms,  . 


22 
5803 


26 
5811 


26 
5S12 


970 

782 
0 

188 

22 


75 
1 
pr. 
4 
0 
5 


2,196 

1,764 

0 

432 


172 

158 
7 
1 
5 
1 
0 


1,631 

1,248 

3 

380 


201 

192 
0 
4 
3 


130 

124 

3 

3 

0 


pr. 
pr. 
pr. 


165 

154 
5 
6 
0 

0 


pr. 


1,142 


2,498 


1,997 


Chemical  Exatnination  of  Water  from  a  Brook  in  Eockport. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

A 

c 

Albuminoid. 

i 

s 

3 

o 

■3 

,a 

0 

0 

o|j 

■a 
> 

•a 

2 

0 

0 
L. 

t 

"5 

t5 

O 

w 

H 

!B 

0 

E-i 

hj 

fc. 

H 

s 

M 

0 

S 

^ 

w 

18 

90. 

5815 

Mar.  24 

Mar.  25 

V.sl't. 

Slight. 

0.5 

4.70 

2.10 

.0004 

.0068 

.0056 

.0012 

.97 

.0400 

.0001 

1.3 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  brook  which  flows  along  the  south- 
easterly side  of  the  railroad  near  Its  terminus,  in  Rockport,  at  the  point  where  the  brook  crosses  Rail- 
road Avenue. 

Microscopical  Examination, 

Diatomaccce,  Ceratoneis,  pr.;  Gonphonema,  pr.;  Jferidion,  2;  N'avicula,  1;  Synedra,  7;  Tabel- 
laria, 2.    AlgEe,  Clofsteriuniy  pr.    Fungi,  Crenothrix,  2.    To^il  organisms,  14. 
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SALEM. 


,%  Water  Supply  of  Salem. 

Chemical  Examination  of  Water  from,  Wenham  Lake,  Salem  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

Kesidue  ox 

EVAl^ORA- 
TION. 

Ammonia. 

3 

o 

3 
o 

Nitrogen 

AS 

d 
o 

o 

o 
O 

o 

a 
AC 

03 
X 

>> 

■3 

3 

H 

I 
■a 

o 
o 
O 

i 

o 

H 

5 

m  1— I 
O 

2 

1^ 

Albuminoid. 

3 

a 

3 

'3 

o 

■a 

1 
o. 

3 

■a 

-a 
,  c 

3  P< 

■3 

18 

89. 

4799 

June  6 

June  7 

V.sl't. 

V.sl't. 

0.05 

- 

- 

.0008 

.0170 

.0134 

.0036 

.71 

.0030 

.0004 

- 

4929 

July  9 

July  11 

Slight. 

Slight. 

0.05 

- 

- 

.0036 

.0228 

.0190 

.0038 

.73 

.0050 

.0001 

- 

5048 

Aug.  12 

Aug.  13 

Slight. 

Slight. 

0.03 

- 

- 

.0016 

.0250 

.0186 

.0064 

- 

.0030 

.0001 

- 

5168 

Sept.  10 

Sept.  12 

V.sl't. 

Shght. 

0.02 

- 

- 

.0012 

.0192 

.0168 

.0024 

- 

.0030 

.0000 

- 

5232 

Oct.  8 

Oct.  9 

V.sl't. 

Slight. 

0.05 

- 

- 

.0014 

.0170 

.0126 

.0044 

- 

.0020 

.0001 

- 

5336 

Nov.  12 

Nov.  13 

V.  sl't. 

V.sl't. 

0.15 

- 

- 

.0032 

.0160 

.0148 

.0012 

- 

.0050 

.0002 

- 

5422 

Dec.  9 
18 

Dec.  10 
80. 

V.sl't. 

V.  sl't. 

0.10 

- 

- 

.0028 

.0164 

.0132 

.0032 

- 

.0120 

.0002 

- 

5506 

Jan.  7 

Jan.  8 

V.sl't. 

V.sl't. 

0.05 

- 

- 

.0004 

.0124 

.0102 

.0022 

- 

.0150 

.0001 

- 

5613 

Feb.  10 

Feb.  11 

Slight. 

V.sl't. 

0.10 

- 

- 

.0000 

.0136 

.0092 

.0044 

- 

.0120 

.0000 

- 

5756 

Mar.  10 

Mar.  11 

V.sl't. 

V.  sl't. 

0.20 

- 

- 

.0004 

.0132 

.0100 

.00.32 

.85 

.0150 

.0002 

- 

5859 

Apr.  8 

Apr.  9 

V.sl't. 

V.sl't. 

0.05 

- 

- 

.0018 

.0156 

.0110 

.0046 

.75 

.0120 

.0001 

- 

5959 

May  12 

May  13 

Slight. 

Slight. 

0.00 

- 

- 

.0050 

.0242 

.0210 

.0032 

.72 

.0030 

.0001 

- 

6072 

June  17 

June  18 

Shght. 

Slight. 

0.03 

- 

- 

.0024 

.0136 

.0124 

.0012 

.69 

.0030 

.0000 

- 

6192 

July  8 

July  9 

Slight. 

V.sl't. 

0.00 

4.20 

- 

.0022 

.0186 

.0148 

.0038 

.68 

.0015 

.0000 

2.3 

6397 

Aug.  13 

Aug.  14 

Slight. 

Slight. 

0.00 

4.55 

1.35 

.0012 

.0210 

.0162 

.0048 

.74 

.0030 

.0000 

2.6 

6486 

Sept.  9 

Sept.  10 

Slight. 

Slight. 

0.00 

4.65 

0.90 

.0000 

.0118 

.0104 

.0014 

.72 

.0100 

.0001 

2.6 

6578 

Oct.  8 

Oct.  9 

None. 

V.  sl't. 

0.05 

4.40 

0.90 

.0022 

.0118 

.0104 

.0014 

.66 

.0120 

.0000 

2.7 

6703 

Nov.  10 

Nov.  11 

V.sl't. 

V.sl't. 

0.10 

4.95 

0.90 

.0018 

.0114 

.0098 

.0016 

.81 

.0180 

.0001 

2.6 

6800 

Dec.  9 

Dec.  11 

Slight. 

V.  sl't. 

0.05 

4.30 

0.45 

.0012 

.0174 

.0144 

.0030 
.0031 

.75 
.73 

.0200 

.0000 

2.2 

Av. 

0.06 

4.57 

0.90 

.0017 

.0167 

.0136 

.0083 

.0001 

2.5 

Odor,  generally  vegetable,  frequently  unpleasant,  occasionally  nohe. The  samples  were  collected 

from  a  faucet  in  the  pumping-station,  while  pumping,  or  from  the  lake  about  40  feet  from  shore  and  one 
foot  beneath  the  surface,  in  the  vicinity  of  the  Intake  pipe.  For  a  series  of  samples  from  this  lake  at 
various  depths,  see  special  report  on  Water  Supply  and  Sewerage,  Part  I.,  page  767. 
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SAIiEM. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Day  of  examination, 

10 

11 

13 

11 

9 

14 

9 

8 

11 

Number  of  sample, .... 

4799 

4929 

5048 

5168 

5232* 

5336 

5422 

5506 

5613 

PLANTS. 

Diatomacese,     .... 

8 

7 

pr. 

19 

139 

256 

168 

413 

1,489 

Asterionella 

Melosira, 

Nitzchia, 

Stephanodiscus,  .... 

Synedra, 

Tabellaria, 

0 
0 
0 
8 
0 
0 

2 
0 
0 
5 
0 
0 

pr. 
0 
0 
0 
0 
0 

1 

2 
0 
0 
16 
0 

24 

69 
0 
4 

42 
0 

35 

220 

0 

10 

1 

0 

25 

119 

0 

17 
pr. 

266 
84 
0 
15 
27 
21 

1,223 
95 
0 
49 
63 
59 

Cyanophycese, . 

pr. 

26 

23 

31 

38 

4 

3 

5 

2 

Anabfena, 

Aphanocapsa,      .... 
Chroococcus,        .... 

Clathrocystis 

Cajlosphserium,    .... 

0 
0 
0 
0 
pr. 

1 

0 

8 

2 

15 

3 
0 
0 

2 
18 

7 
3 
6 

12 

1 
0 
0 
6 
31 

0 
0 
0 

2 
2 

0 
0 
0 
0 
3 

0 
0 
0 
0 
5 

0 
0 
0 
0 
2 

Algse,  " 

pr. 

8 

4 

0 

36 

17 

6 

10 

15 

Chlorococcus,      .... 
Raphidium,          .... 
Scenedesmus,      .... 

pr. 

0 

pr. 

8 
0 
0 

0 
4 
0 

0 
0 
0 

36 
0 
0 

12 
5 
0 

6 

0 

pr. 

9 
0 
1 

15 

0 

pr. 

ANIMALS. 

Infusoria, 

0 

9 

3 

9 

7 

3 

pr. 

pr, 

2 

Ceratiiim, 

Dinobryon 

Monas 

Peridinium,          .... 
Trachelomonas,  .... 

0 
0 
0 
0 
0 

4 
3 
0 
1 
1 

0 
pr. 
0 
3 
0 

0 
5 
0 
3 
1 

0 
0 
0 

1 

6 

0 
0 
0 
0 
3 

0 
0 
0 
0 
pr. 

1 

0 
0 
0 
0 
pr. 

0 
pr. 
0 
0 
2 

Crustacea.    Cyclops, 

0 

pr. 

0 

0 

pr. 

0 

0 

0 

0 

Total  Organisms, 

8 

50 

30 

59 

220 

290 

177 

428 

1,508 

April. 


May. 


July. 


Sept. 


Day  of  examination, 
Number  of  sample, 


12 

5756 


9 

5859 


13 
5959 


18 
6072 


10 
6192 


14 

6397 


10 

6486 


11 

6703 


PLANTS, 

Diatomacese,  . 

Asterionella, 
Melosira,    . 
Nitzchia,    . 
Stephanodiscus, 
Synedra,    . 
Tabellaria, 


1,171 

950 
52 
0 
21 
88 
60 


234 

61 
75 
0 
30 
29 
39 


251 

43 

30 

0 

106 

6 

66 


159 
0 
3 
0 

117 
0 
39 


208 

0 

10 

0 

4 

194 
0 


525 
116 
340 
17 
13 
38 
1 
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SAI.35M. 

Microscopical  Examination. —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


May. 


July. 


Sept. 


PLANTS  -  Con. 
Cyanophycese, 


Anabaena, . 
Aphanocapsa,   . 
Chroococcus,    . 
Clathrocystis,    . 
Ccelosphajrium, 


Algae, 


Ohioroooccus, 

Raphidium, 

Scenedesmus, 


0 
0 
0 
0 
pr. 


19 

0 

pr. 


22 


ANIMALS. 


Infusoria, , 


Ceratium,  . 

Dinobryon, 

Monas, 

Peridinium, 

Trachelomonas, 


Crustacea.    Cyclops, 


0       pr. 


Total  Organisms, 


1,186 


26        13       566 


Table  slioiving  Heights  of  Water  in  Wejiham  Lake  at  Times  ivhen  Samples  oj  Water 
were  collected  for  Analysis. 

[Note.  —  High-water  mark  is  30.17  feet.] 


1889. 


June 

6,       . 

July 

9, 

Aug. 

12,       . 

Sept. 

10,       . 

Oct. 

8,       . 

Nov. 

12,       . 

Dec. 

9,       . 

Jan. 

7,       . 

Feb. 

10,       . 

Height  of 
Water. 


30.1 
29.6 
29.7 
29.3 
29.2 
29.1 
29.9 

29.8 
29.8 


Mar.  10, 
April  8, 
May  12, 
June  17, 
July  8, 
Aug.  13, 
Sept.  9, 
Oct.  8, 
Nov.  10, 


1890.  —  Con 


Height  of 
Water. 


30.0 
30.2 
30.2 
30.3 
29.8 
28.7 
28.1 
27.7 
28.4 
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sajstdisfielz). 
Sandisfield. 

Chemical  Examijiaiion  of  Water  from  a  Sjjring  in  Sandisfield. 


[Parts  per  100,000.] 

Bate  op 

Appearance. 

o 
a  OS 

3  > 

Ammonia. 

NiTKOGEN 
AS 

a 

.2 

S 

03  •« 

1^ 

■3 
S 

1 

o 

i 

o 

1 

1 

1 

■S 

•  7^ 

O 

H 

H 

OJ           1     O 

?H 

pq 

<1 

Q 

s 

5?; 

a 

18 

90. 

5351 

Nov.  14   Nov.  16 

iNone. 

Very  Blight.    0.20 

3.00 

.0006 

.0058 

.12 

.0050 

.0000 

- 

Odor,  none. The  sample  was  collected  from  a  spring  which  supplies  about  10  families  in  the 

village  of  New  Boston. 

Microscopical  Examination. 

DiatomacesB,  i^'au^c^«to,  pr. ;  Synedra,2.    Fungi,  Crenothrix,  1.    Total  organisms,  3. 


Water  Supply  of  the  Reformatory  Prison  for  Women  at 

Sherborn. 

Chemical  Examination  of  Water  from  Faucets  at  the  Beformatory  Prison  for 

Women,  Sherborn. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

1 
o 

Nitrogen 

AS 

c 
o 

o 
O 

c 
o 

a-" 

a 

■3 
S 

3 
E-i 

a 

X 

o 

"3 
o 

c 

Si 

Albuminoid. 

1 
g 

5 

.a 

a 

"3 

o 

> 
o 

5 

■a 

3  P. 

c 

a 

18  »0. 

6355 

Aug.    4 

Aug.   5 

V.sl't. 

V.sl't. 

0.05 

4.15 

1.20 

.0002 

.0156 

.0128 

.0028 

.26 

.0070 

.0002 

2.6 

6356 

Aug.   4 

Aug.   5 

None. 

None. 

0.10 

4.35 

1.45 

.0000 

.0124 

.0118 

.0006 

.28 

.0075 

.0000 

2.1 

6357 

Aug.  4 

Aug.   5 

Dec'd. 

H'vy. 

0.20 

5.25 

1.10 

.0014 

.0260 

.0108 

.0152 

.52 

.0050 

.0000 

2.7 

Odor,  distinct,  peculiar. Sample  No.  6355  was  collected  from  a  faucet  in  a  house  connected  with 

the  prison ;  No.  6356  from  a  faucet  in  the  barn  ;  No.  6357  from  the  dead-end  of  a  pipe  of  the  Framingham 
Water  Company  at  the  Prison.    Nos.  6355  and  6356  probably  represent  water  from  Waushakum  Pond. 


232  STATE  BOAKD  OF  HEALTH.  [Pub.  Doc. 

SHERBOElSr. 

Microscopical  Examination, 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

Aug. 

Aug. 

Aug. 

Day  of  examination, 

Number  of  sample 

6 
6355 

6 
6356 

6 
6357 

PLANTS. 
Algse.    Chlorococcus, 

Fungi.     Crenothrix, 

0 
2 

3 
0 

0 
*1,600 

Total  Oeganisms 

2 

3 

1,600 

*  Estimated. 


SOUTHBOROUGH . 


Chemical  Examination  of  Water  from  a  Tubular  Well  in  Souihborough, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

5 

3  > 

Ammonia. 

Nitrogen 

AS 

s 

.2 
o 

o 

'■3 
3 

3 

^ 

3 
'3 

c 

o 

n 

■2 

"5 

3 

o 

X 

o 

O 

9^ 

<S3 

O 

w 

H 

V 

o 

M 

fe 

< 

O 

!z; 

!?; 

aa 

18 

89. 

5424 

Dec.    9 

Dec.  10 

Very  slight.  Consider'ble. 

0.0 

4.50 

.0000 

.0016 

.33 

.1100 

.0000 

1.6 

Odor,  none. The  sample  was  collected  from  a  tubular  test  well  near  the  Worcester  turnpike, 

not  far  from  Fayville.    Water  had  been  pumped  from  the  well  for  about  two  hours  previous  to  the 
time  of  collecting  the  sample. 

Microscopical  Examination. 

No  organisms. 


Chemical  Examinatio7i  of  Water  from  Stony  Brook,  in  Southborough. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Rbsidce  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

c 

c 

Albuminoid. 

%* 

_o 

>. 

s 

•a 

■a 

0) 

no" 

m 

M 

J3 

o 

-a 
S 

3 

a 

a 

't^ 

"3 

3 

■a 
1  c 
3  o. 

o 

5 

1- 

'A 

O 

Ui 

B 

CO 

O 

H 

►J 

&^ 

H 

a 

w 

u 

;2i 

^2! 

w 

18 

80. 

5425 

Dec.    9 

Dec.  10 

V.sl't. 

V.sl't. 

1.0 

4.75 

2.15 

.0006 

.0208 

.0192 

.0016 

.25 

.0080 

.0002 

1.4 

Odor,  vegetable  and  mouldy. The  sample  was  collected  from  Stony  Brook  at  the  point  where 

it  crosses  Folly  road,  the  next  road  above  the  test  well.    The  brook  was  high  at  the  time  the  sample 
was  collected. 

Microscop)ical  Exami7iation. 
DiatomacesB,  iVawtCM/a,  pr.;  Sijnedra,!.    Fungi,  Grenothrix,  2.    Total  organisms,  3. 
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springfield. 

Water  Supply  of  Springfield. 


Chemical  Examination  of  Water  from  the  Oate-house  of  the  Ludlow  Reservoir, 
Sjiringfield  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appeakance. 

Kesidde  on 
Evapora- 
tion. 

Ammonia. 

c 

Nitrogen 

AS 

o 

a-s 

a 

T3 

u 

o 

o 
§1 

Albuminoid.      | 

? 

'u 

SI 

a 

3 

■6 
o 

•6 
■a 

s 

o 

X 

o 

o 

u 

o 

s  ft 

55 

U 

« 

H 

t» 

O 

^ 

1-1 

fc< 

H 

Q 

m 

O 

:h; 

'A 

X8 

89. 

4767 

June   3 

June    4 

Dist't. 

Cons. 

0.10 

_ 

_ 

.0082 

.0550 

.0224 

.0326 

.09 

.0050 

.0003 

4810 

June  10 

June  11 

DiBt't. 

Cons. 

0.10  1 

_ 

_ 

.0196 

.0440 

.0224 

.0216 

_ 

.0020 

.0000 

4845 

June  17 

June  18 

Slight. 

Cons. 

0.15  i 

_ 

_ 

.0260 

.0532 '.0314 

.0218 

_ 

.0020   .00021 

4872 

June  24 

June  25 

Slight. 

Cons. 

0.20  1 

_ 

_ 

.0014 

.0684   .0372 

.0312 

_ 

.0030 

.0001 

4917 

July    8 

July    9 

Slight. 

Cons.    0.20 

- 

- 

.0264 

.0520 

.0354 

.0166 

- 

.0070 

.0001 

4941 

July  15 

July  16 

Dist't. 

Cons. 

0.20 

- 

- 

.0008 

.0806 

.0314 

.0492 

- 

.0020 

.0002 

4989 

July  29 

July  30 

DiBt't. 

Cons. 

0.15 

_ 

- 

.0000 

.0736 

.0274 

.0462 

- 

.0020 

.0001 

5028 

Aug.    5 

Aug.    6 

Dec'd. 

Slight. 

0.10 

_ 

- 

.0000 

.0714 

.0264 

.0450 

- 

.0030 

.0001 

5051 

Aug.  12 

Aug.  13 

DiBt't. 

Cons. 

0.10 

_ 

- 

.0004 

.0714 

.0246 

.0468 

- 

.0020 

.0000 

5077 

Aug.  19 

Aug.  20 

Dec'd. 

Slight. 

0.15 

_ 

- 

.0006 

.0684 

.0238 

.0446 

- 

.0060 

.0001 

5117 

Aug.  30 

Aug.  31 

Dist't. 

Cons. 

0.10 

- 

- 

.0012 

.0906 

.0298 

.0608 

- 

.0040 

.0001 

5155 

Sept.   9 

Sept.  10 

Dist't. 

Slight. 

0.05 

- 

- 

.0004 

.0772 

.0256 

.0516 

- 

.0020 

.0001 

5185 

Sept.  16 

Sept.  17 

Dist't. 

Cons. 

0.15 

_ 

- 

.0070 

.0416 

.0280 

.0136 

- 

.0020 

.0000 

5206 

Sept.  30 

Oct.     1 

Dist't. 

Cons. 

0.15' 

- 

- 

.0000 

.0508 

.0284 

.0224 

- 

.0020 

.0001 

5242 

Oct.     9 

Oct.    10 

Slight. 

Cons. 

0.10 

_ 

_ 

.0004 

.0468 

.0248 

.0220 

_ 

.0020 

.0001 

5279 

Oct.   24 

Oct.  25 

Slight. 

Cons. 

0.35 

_ 

_ 

.0002 

.0624 

.0278 

.0346 

_ 

.0020 

.0001 

5329 

Nov.  11 

Nov.  12 

Dist't. 

Cons. 

0.20 

_ 

_ 

.0002 

.0496 

.0.302 

.0194 

_ 

.0030 

.0001 

5381 

Nov.  25 

Nov.  26 

Slight. 

Cons. 

0.10 

_ 

_ 

.0036 

.0392 

.0272 

.0120 

_ 

.0040 

.0001 

5447 

Dec.  16 
IS 

Deo.  18 
90. 

Dist't. 

Cons. 

0.05 

~ 

" 

.0038 

.0474 

.0252 

.0222 

" 

.0040 

.0001 

5550 

Jan.  20 

Jan.  21 

Slight. 

Cous. 

0.10 

_ 

_ 

.0002 

.0272 

.0196 

.0076 

_■ 

.0180 

.0000 

5660 

Feb.  13 

Feb.  14 

Slight. 

Slight. 

0.15 

_ 

_ 

.0000 

.0224 

.0160 

.0064 

- 

.0020 

.0000 

5784 

Mar.  12 

Mar.  13 

Slight. 

Cons. 

0.15 

_ 

_ 

.0000 

.0196 

.0136 

.0060 

- 

.0020 

.0002 

5819 

Mar.  26 

Mar.  27 

DiBt't. 

Cons. 

0.20 

_ 

_ 

.0000 

.0122 

.0096 

.0026 

- 

.0020 

.0000 

5874 

Apr.  10 

Apr.  11 

Dist't. 

Cons. 

0.05 

_ 

_ 

.0008 

.0242 

.0128 

.0114 

- 

.0040 

.0000 

5908 

Apr.  24 

Apr.  26 

Dist't. 

Much. 

0.05 

_ 

.0006 

.0274 

.0146 

.0128 

.12 

.0040 

.0000 

5960 

May  12 

May  13 

Slight. 

Cons. 

0.03 

_ 

_ 

.0002 

.0224 

.0142 

.0082 

.10 

.0030 

.0000 

1 

6009 

May  28 

May  29 

Dist't. 

Cons. 

0.05 

_ 

_ 

.0004 

.0582 

.0202 

.0380 

- 

.0020 

.0000 

6114 

June  23 

June  24 

Dist't. 

Cons. 

0.20 

_ 

_ 

.0304 

.0522 

.0314 

.0208 

.09 

.0070 

.0003 

6217 

July  14 

July  15 

Dist't. 

Cons. 

0..50 

3.90 

_ 

.0014 

.0754 

.0392 

.0.362 

.13 

.0020 

.0000 

6421 

Aug.  18 

Aug.  20 

Slight. 

Cons. 

0.05 

3.. 55 

2.20 

.0002 

.0560 

.0228 

.0332 

.10 

.0030 

.0001 

6517 

Sept.  15 

Sept.  17 

Dec'd. 

Cons. 

0.10 

_ 

_ 

1.0000 

.0468 

.0180 

.0288 

- 

.0030 

.0001 

6619 

Oct.   20 

Oct.  21 

Slight. 

Cons. 

0.25 

2.90 

1.35 

.0006 

.0394 

.0222 

.0172 

.09 

.0070 

.0003 

67.32 

Nov.  17 

Nov.  18 

Slight. 

Cons. 

0.10 

2.70 

1.25 

.0008 

.0372 

.0224 

.0148 

.13 

.0070 

.0001 

6824 

Dec.  15 

Dec.  16 

Slight 

Slight 

0.10 

2.70 

1.35 

.0000 

.0256 

.0182 

.0074 

.08 
.10 

.0200 

.0001 

Av. 

0.15 

2.96 

1.54 

.0035 

.0456 

.0235 

.0221 

.0052 

.0001 

0.8 
0.9 
0.9 

1.3 
0.9 
0.9 


Odor,  generally  vegetable  and  grassy,  increased  on  heating,  occasionally  di.iagreeable. The 

samples  were  collected  In  the  gate-house,  and  represent  water  as  it  was  being  drawn  from  the  reservoir 
for  the  supply  of  the  city.  At  the  time  the  samples  were  collected  water  was  usually  being  drawn  into 
the  gate-house  through  an  opening  about  seven  feet  below  the  surface.  When  the  last  sample  was 
collected  a  small  portion  of  the  reservoir  near  the  gate-house  had  been  isolated  from  the  main  portion, 
and  was  receiving  about  1,000,000  gallons  of  water  per  day  directly  from  Higher  Brook.  The  brook  was 
turned  into  the  basin  on  November  22,  and  at  first  discharged  1,500,000  gallons  per  day,  decreasing 
gradually  until  the  time  of  taking  the  sample. 
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SPKINGriELD. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

June. 

June. 

June. 

June. 

July. 

July. 

July. 

Aug. 

Aug. 

Aug. 

Aug. 

Day  of  examination,  . 

- 

11 

18 

25 

9 

16 

30 

6 

13 

20 

31 

Number  of  sample,    . 

4767 

4810 

4845 

4872 

4917 

,4941 

4989 

5028 

5051 

5077 

5117 

PLANTS. 

Diatomacese, 

- 

111 

5 

5 

20 

0 

13 

29 

120 

186 

60 

Asterionella 

_ 

7 

1 

pr. 

0 

0 

1 

1 

0 

0 

0 

Melosira, 

_ 

100 

3 

5 

20 

0 

12 

28 

118 

184 

58 

Navicula, 

_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Stephanodiscus, 

_ 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Synedra, 

_ 

pr. 

pr. 

0 

0 

0 

0 

0 

2 

2 

0 

Tabellaria, 

- 

,1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

CyanophycesB,   . 

- 

29 

20 

5 

275 

448 

1,094 

1.494 

638 

2,066 

2,102 

Anabaena,       .... 

_ 

25 

20 

3 

3 

38 

0 

0 

0 

0 

8 

Aphanocapsa, 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Chroococcus, 

- 

0 

0 

pr. 

29 

pr. 

0 

0 

0 

0 

0 

Clathrocystis, 

- 

4 

pr. 

•    2 

2 

4 

12 

18 

6 

2 

6 

Cffilosphserium, 

- 

0 

0 

0 

241 

406 

1,082 

1,476 

632 

2,064 

2,088 

Microcystis,   . 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NostocaceouB  sjiores. 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Algse 

- 

•  9 

1 

10 

Ul 

63 

53 

153 

8 

8 

24 

Chlorococcus, 

_ 

5 

0 

1 

88 

0 

20 

146 

0 

0 

10 

Closterium,    . 

_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Oojlastrum,     . 

_ 

0 

pr. 

1 

13 

2 

0 

0 

0 

0 

0 

Dictyosphrerium, 

_ 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

Pediastrum,   . 

_ 

1 

pr. 

2 

4 

pr. 

0 

1 

0 

0 

0 

Raphidium,    . 

- 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

Scenedesmus, 

- 

3 

pr. 

3 

9 

4 

2 

0 

0 

0 

4 

Sorastrum,     . 

_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Staurastrum, 

_ 

0 

1 

3 

27 

54 

31 

6 

8 

8 

10 

Zoospores,     . 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ANIMALS. 
Rhizopoda.    Actiuophrys, 


Infusoria, 

Dinobryon,     . 
Monas,    . 
Peridinium,    . 
Trachelomonas, 

Vermes, . 

Anurea,  . 
Polyarthra,    . 
Rotifer,  . 


Crustacea, 

Cyclops, 
Daphnia, 


- 

0 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

pr. 

pr. 

pr. 

0 

0 

0 

_ 

0 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

0 

0 

0 

0 

~ 

0 

0 

pr. 

pr. 

pr. 

0 

0 

0 

- 

pr. 

pr. 

0 

0 

0 

0 

0 

0 

- 

pr. 

pr. 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

0 

0 

0 

0 

- 

pr. 

pr. 

pr. 

pr. 

0 

0 

0 

0 

- 

0 

0 

0 

pr. 

0 

0 

0 

0 

~ 

pr. 

pr. 

pr. 

0 

0 

0 

0 

0 

- 

149 

26 

20 

436 

511 

1,160 

1,676 

766 

Total  Organisms, 
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SPRINGFIELD. 

Microscopical  Excmiination  —  Continued. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination,  . 
Number  of  sample,    . 


Sept.     Sept.     Oct.      Oct.      Oct.     Nov.     Nov.     Dec 


10 
5155 


17 

2 

12 

26 

12 

5185 

5206 

5242 

5279 

5329 

219 

1,360 

370 

712 

364 

0 

0 

0 

224 

54 

219 

1,356 

368 

488 

310 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

2 

0 

0 

0 

0 

0 

0 

0 

414 

356 

162 

540 

270 

18 

80 

60 

396 

168 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

2 

44 

20 

20 

4 

394 

196 

52 

100 

84 

0 

0 

0 

0 

0 

0 

36 

30 

24 

0 

36 

282 

1,928 

840 

146 

17 

54 

1,868 

738 

52 

0 

0 

6 

0 

8 

0 

2 

2 

0 

0 

0 

116 

0 

18 

14 

1 

2 

0 

2 

0 

13 

90 

36 

58 

58 

1 

8 

10 

16 

8 

0 

0 

0 

0 

0 

3 

10 

6 

8 

4 

1 

0 

0 

0 

2 

27 
5381 


18 
5447 


Jan.     Feb.     Mar, 


22 

15 

5550 

5660 

797 

594 

278 

284 

460 

308 

1 

0 

0 

0 

58 

2 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

38 

10 

24 

6 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

14 

3 

0 

0 

0 

0 

0 

0 

15 
5784 


PLANTS. 
Diatomacese, 

Asterionella, . 

Melosira, 

Navicula, 

StephanodiscuB,     . 

Synedra, 

Tabellaria, 

Cyanopliycese,  . 

Anaboena, 

Aphanocapsa, 

Chroococcus, 

Clathrocystis, 

Ccelosphajrium, 

Microcystis,   . 

Nostocaceous  spo 


Alg86, 


Chlorococcus, 
Closterium,  . 
Ctelastrum,  . 
Dictyosphserium, 
Pediastrum,  . 
Kaphidium,  . 
Scenedesmns, 
Sorastrum, 
Staurastrum, . 
Zoospores, 


56 


1,680 

156 
0 
0 
4 
1,520 
0 
0 


372 

256 
1,112 
0 
0 
4 
0 


196 

176 
0 
0 
4 
16 
0 
0 


360 

286 
8 
0 
0 

24 
26 

0 
12 

2 


1,913 

1,466 
442 
0 
0 
5 
0 


902 


214 
0 
0 
0 
0 


28 


ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria, 

Dinobryon,     . 
Monas,    .... 
Peridinium,    . 
Trachelomonas,     . 


Vermes,  . 

Anurea, . 
Polyarthra, 
Rotifer,  . 


Crustacea, 

Cyclops, 
Daphnia, 


0 

0 

0 

0 

0 

2 

0 

4 

16 

6 

4 

8 

0 
0 
0 
0 

0 
0 
0 

4 

0 
0 
0 
16 

0 
0 
0 
6 

0 
0 
0 

4 

0 
0 
0 

8 

0 

5 

0 

0 

0 

0 

0 
0 
0 

5 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

pr. 

0 

pr. 

0 

0 
0 

0 
0 

pr. 
pr. 

0 
0 

0 
pr. 

0 
0 

1,808 

678 

2,014 

2,466 

2,096 

790 

0 
pr. 


0 

0 

73 

3,284 

54 
0 

19 
0 

3,284 
0 
0 
0 

0 

1 

0 
0 
0 

0 

1 
0 

0 

0 

0 
0 

0 
0 

910 

3,889 

0 

302 

302 
0 
0 
0 


Total  Organisms,  . 


956    2,036 


1,233 
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SPRI]SrGFIEI.D. 

Microscopical  Examination —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


[Pub.  Doc. 


1890. 

Mar. 

■April. 

April. 

May. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 
Number  of  sample,   . 

28 
5819 

12 

5874 

26 
5908 

13 

5960 

31 

6009 

25 
6114 

15 
6217 

20 
6421 

17 

6517 

21 
6619 

19 

6732 

17 

6824 

PLANTS. 
Diatoraacese, 

Asterionella, 
Melosira, 
Navicula, 
Stephanodiscus,    . 
Synedra, 
Tabellaria,    . 

Cyanophycese,  . 

Anabfena, 
Aphanocapsa, 
Chroococcus, 
Clathrocystis, 
Coelosphferium,    . 
Microcystis,  . 
Nostocaceous  spores, 

Alg-se, 

Chlorococcus, 
Closterium,   . 
Ccelastrum,    . 
Dictyosphserium, 
Pediastrum,  . 
Raphidium,  . 
Bcenedesmus, 
Sorastrum,    . 
Staurastrum, 
Zoospores,     . 

1,510 

1,136 
364 
0 
0 
2 
8 

30 

0 
0 
30 
0 
0 
0 
0 

44- 

38 
0 
0 
0 
0 
0 
6 
0 
0 
0 

4,268 

2,252 
2,004 
0 
12 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

6 

0 
0 
0 
0 
0 
0 
6 

"o 

0 

5.756 

2,584 
3,164 
0 
0 
8 
0 

50 

0 
0 

34 
4 

12 
0 
0 

46 

40 
0 
0 
0 
0 
0 
6 
0 
0 
0 

3,302 

2,288 
1,004 
6 
0 
4 
0 

80 

60 
0 
0 
10 
10 
0 
0 

306 

282 
0 
0 
0 
4 
0 
18 
0 
2 
0 

950 

360 

575 

10 

0 

5 

0 

1,650 

1,600 
0 
0 
40 
10 
0 
0 

20 

0 
0 
0 
0 
0 
0 
15 
0 
5 
0 

138 

23 
105 
5 
0 
5 
0 

471 

445 
0 
0 
23 
3 
0 
0 

15 

0 
0 
0 
0 
0 
0 
10 
0 
5 
0 

300 

0 
300 
0 
0 
0 
0 

204 

108 
0 
0 
58 
38 
0 
0 

195 

3 

0 
13 

5 
13 
35 
53 

8 
65 

0 

684 

16 
668 
0 
0 
0 
0 

872 

0 
0 
0 
148 
724 
0 
0 

170 

0 

0 

0 

0 

26 

40 

22 

28 

54 

0 

1,481 

16 
1,462 
3 
0 
0 
0 

1,450 

152 

10 

69 

7 

1,212 

0 

0 

81 

34 
0 
0 
0 
2 

15 

15 
0 

15 
0 

719 

464 
248 
0 
0 
4 
3 

268 

15 

17 

53 

10 

180 

3 

0 

68 

50 
0 
0 
0 
1 
7 
3 
0 
7 
0 

1,037 

264 
768 
2 
2 
0 
1 

220 

1 
4 
181 
4 
8 
22 
0 

140 

19 
0 
0 
0 
0 

29 

14 
0 

78 
0 

182 

30 
152 
0 
0 
0 
0 

8 

0 

1 

4 
2 
1 
0 
0 

43 

6 
0 
0 
0 
0 

1 

4 

0 

32 

0 

ANIMALS. 
Rhizopoda.     Actinophrys, 

Infusoria,     .... 

Dinobryon,   .... 

Monas 

Peridinium,  .... 
Trachelomonas,    . 

Vermes,        .... 

Anurea,         .... 

Polyarthra 

Rotifer, 

Crustacea,   .... 

Cyclops 

Daphnia,       .... 

0 

700 

696 
0 

2 
2 

6 

2 
4 
0 

0 

0 
0 

0 

90 

78 
0 

12 
0 

4 

2 
2 
0 

0 

0 

0 

0 

16 

14 
0 
0 

2 

0 

0 
0 
0 

0 

0 

0 

0 

484 

478 
6 
0 
0 

2 

0 
2 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

3 

0 
0 
3- 

0 

0 
0 

0 

3 

0 

0 
3 
0 

0 

0 
0 
0 

pr, 

0 
pr. 

0 

16 

0 

0 

0 

16 

0 

0 
0 
0 

0 

0 
0 

0 

38 

0 
0 
0 
38 

1 

1 
0 
0 

0 

0 
0 

3 

25 

10 
0 

1 
14 

1 

0 

1 
0 

0 

0 
0 

28 

20 

12 
0 
S 
5 

3 

0 

1 

2 

pr. 

pr. 
0 

0 

25 

20 
0 
3 
2 

.    2 

pr. 

2 
0 

0 

0 
0 

Total  Organisms, 

2,290 

4,368 

5,868 

4,174 

2,620 

627 

702 

1,742 

3,051 

1,084 

1,448 

260 
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SPRINGFIELD. 

Chemical  Examination  of  Water  from  Ludlow  Reservoir  at  a  depth  of  six  feet 

beneath  the  surface. 

[Parts  per  100,000.] 


Residue  on 

Nitrogen 

Date  of 

Appeaeance. 

Evapora- 
tion. 

Ammonia. 

1 

AS 

d 

o 
0.S 

'-3 
B 

a 

o 

C3 

o 

Albuminoid. 

a 
2 

1 

a 

2 

■a 
> 
o 

1 

o 

S 

3 

o 

o 

i~t 

o 

3  Pi 

jq 

zi 

O 

H 

Eh 

M 

U 

Eh 

J 

fa 

H 

Q 

CC 

O 

'A 

2i 

a 

1 
18  89, 

4768 

June    3  i  June   4 

Dec'd .  Heavy. 

0.10 

_ 

_ 

.0006 

.0698 

.0248 

.0450 

.10 

.0040 

.0001 

_ 

4811 

June  10  \  June  11 

Dec'd.  Cons. 

0.10 

_ 

_ 

.0022 

.0602 

.0242 

.0360 

_ 

.0020 

.0000 

_ 

4846 

June  17    June  18 

Dist't.  Cons. 

0.20 

_ 

_ 

.0128 

.0746 

.0402 

.0344 

_ 

.0020 

.0003 

_ 

4ST3 

June  24   June  25 

Slight.!  Cons. 

0.15 

_ 

_ 

.0004 

.0688 

.0356 

.0332 

_ 

.0020 

.0000 

_ 

4918 

July     8 'July    9 

Slight.  Heavy. 

0.30 

_ 

- 

.0140 

.0604 

.0366 

.0238 

_ 

.0050 

.0001 

_ 

4942 

July  15  !  July  16 

Diet't.  Cons. 

0.30 

- 

- 

.0000 

.0900 

.0328 

.0572 

.0000 

.0002 

_ 

4965 

July  22  ,  July  23 

Dist't.  Cons. 

0.10 

_ 

- 

.0002 

.0900 '.0302 

.0598 

.0040 

.0001 

- 

4990 

July  29 

July  30 

Slight.  Cons. 

0.15 

- 

- 

.0000 

.0754  .0288 

.0466 

~ 

.0020 

.0001 

- 

5029 

Aug.    5 

Aug.   6 

Dec'd.!  Slight. 

0.10 

- 

- 

.0000 

.0786 '.0246 

.0540 

© 

.0020 

.0001 

- 

5052 

Aug.  12 

Aug.  13 

Dist't.'  Slight. 

0.15 

- 

- 

.0008 

.0758!.  024^8 

.0510 

.0040 

.0000 

- 

5078 

Aug.  19 

Aug.  20 

Dec'd.  V.sl't. 

0.15 

- 

- 

.0012 

.0670   .0224 

.0446 

.0040 

.0001 

- 

5118 

Aug.  30 

Aug.  31 

Dist't. 1  Cons. 

0.10 

_ 

_ 

.0002 

.0634'. 0270 

.0364 

_ 

.0050 

.0001 

_ 

5156 

Sept.   9 

Sept.  10 

Slight.  Shght. 

0.03 

_ 

_ 

.0006 

.0534. 0262 

.0272 

_ 

.0020 

.0000 

_ 

5186 

Sept.  16 

Sept.  17 

Dist't.'  Cons. 

0.10 

_ 

_ 

.0032  .0636 '.0298 

.0338 

.0000 

.0000 

_ 

5207 

Sept.  30 

Oct.     1 

Dist't.:  Cons. 

0.20 

_ 

_ 

.0014 '.0570 '.0280 

.0290 

I 

.0020 

.0001 

_ 

5243 

Oct.     9 

Oct.   10 

Slight.'  Cons. 

0.10 

_ 

_ 

.00021.0554 '.0276 

.0278 

_ 

.0050 

.0000 

_ 

5280 

Oct.  24 

Oct.   25 

Slight.!  Qoug_ 

0.30 

_ 

_ 

.0006  .0540^.0274 

.0266 

_ 

.0040 

.0001 

_ 

5330 

Nov.  11 

Nov.  12 

Dist't. 

Cons. 

0.20 

- 

- 

.0056   .0510  1.0304 

.0206 

_ 

.0040 

.0001 

_ 

5382 

Nov.  25 

Nov.  26 

Slight. 

Cons. 

0.10 

_ 

_ 

.0044  .0522!. 0318 

.0204 

_ 

.0040 

.0001 

_ 

5448 

Dec.  16 
18 

Dec.  18 
90. 

Slight. 

Cons. 

0.05 

** 

~ 

.0028 

.0398 

.0238 

.0160 

~ 

.0050 

.0001 

~ 

5551 

Jan.  20 

Jan.  21 

Slight. 

Cons. 

0.10 

- 

_ 

.0016 

.0282 '.0186 

.0096 

_ 

.0060 

.0001 

_ 

5661 

Feb.  13 

Feb.  14 

Dist't. 

Slight. 

0.10 

_ 

_ 

.0000 

.02041.0162 

.0042 

_ 

.0030 

.0001 

_ 

5785 

Mar.  12 

Mar.  13 

Slight. 

Cons. 

0.10 

_ 

- 

.0000 

.0254 '.0170 

.0084 

_ 

.0020 

.0001 

_ 

5820 

Mar.  26 

Mar.  27 

Slight.  Cons. 

0.20 

_ 

_ 

.0000 

.01881.0094 

.0094 

_ 

.00.30 

.0002 

_ 

5875 

Apr.  10 

Apr.  11 

Dist't.,  Cons. 

0.05 

_ 

_ 

.0002  .0240:. 0126 

.0114 

_ 

.0020 

.0000 

_ 

5909 

Apr.  24 

Apr.  26 

Dist't.;  Cons. 

0.05 

- 

_ 

.0000  1.0248  .0138 

.0110 

.12 

.0090 

.0000 

_ 

5961 

May  12 

May  13 

Slight  [  Cons. 

0.05 

- 

_ 

.0016 

.0212>0150 

.0062 

_ 

.0020 

.0000 

_ 

6010 

May  28 

May  29 

Dist't.;  Cons. 

0.05 

_ 

_ 

.0002 

.0632 '.0174 

.0458 

- 

.0020 

.0000 

_ 

6115 

June  23 

June  24 

Dist't.!  Cons. 

0.20 

_ 

_ 

.0444 

.0594  1.0318 

.0276 

_ 

.0020 

.0004 

0.8 

6218 

July  14 

July  15 

Dist't. 

Slight. 

0.50 

_ 

_ 

.0036 

.07.521.0412 

.0340 

.11 

.0020 

.0000 

0.8 

6422 

Aug.  18 

Aug.  20 

Slight. 

Cons. 

0.05 

- 

_ 

.0000 

.06741.0286 '.0388 

_ 

.00.30 

.0001 

0.9 

6518 

Sept.  16 

Sept.  17 

Dist't. 

Cons. 

0.15 

- 

- 

.0000 

.0442  .0180 

.0262 

.11 

.0050 

.0001 

1.2 

6620 

Oct.  20 

Oct.  21 

Slight. 

Cons. 

0.25 

_ 

_ 

.0008 

.0492  1.0268 

.0224 

.09 

.0070 

.0003 

1.2 

6733 

Nov.  17 

Nov.  18 

jSlight. 

Slight. 

0.15 

2.55 

1.40 

.0010 

.0362!.  0230 

.0132 

.12 

.0070 

.0001 

o.s 

6825 

Dec.  16 

Dec.  16 

Slight. 

Slight. 

0.10 

- 

- 

.0002 

.0418 

.0272 

.0146 

.09 
.11 

.0200 

.0001 

0.9 

Av. 

0.15 

- 

- 

.0037 

.0491 

.0248 

.0243 

.0047 

.0001 

0.9 

Odor,  generally  vegetable  and  grassy;    increased  by  heating;   occasionally  disagreeable. The 

samples  were  collected  from  near  the  middle  of  the  reservoir,  at  a  depth  of  6  feet  beneath  the  surface, 
with  the  exception  of  No.  5448,  which  was  collected  at  the  filter-dam  pier,  3  feet  beneath  the  surface,  and 
Nos.  5551,  5661  and  5785,  which  were  collected  at  depths  of  3  feet  or  less  beneath  the  surface.  During 
the  period  from  June,  1889,  to  December,  1890,  the  reservoir  was  kept  at  from  2  to  11  feet  below  high 
water.    For  heights  of  water  at  the  times  when  samples  of  water  were  collected,  see  page  245. 


238  STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 

SPRIK^GFIELD. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample,  . 


June.  June., June.  June, 


11 

4811 


18 
4816 


25 
4873 


July.,  Jul}'.  July. 


11 

4918 


16 
4942 


23 
4965 


July. 


30 
4990 


Aug. 


13 

5052 


PLANTS 
Diatomaceae,     . 

Asterionella, 
Meiosira, 
Synedra, 
Tabellaria,   . 

Cyanophyceae. 


Anabasiia,     .  ^ 

Aphanocapsa, 

Chrooc'occus, 

Clathrocystis, 

Coelosphferium 

Microcystis, 

Nostocaceous  spor 


Algse, 


Chlorococcus, 

Closterium,  . 

Cojlastrum,  . 

Dictyosphserium 

Pediastrum, 

Protococcus, 

Raphidium, 

Scenedesmus, 

Sorastrum,   . 

Staurastrum, 


122 


10     257 


63 


1,300 


1,294 
0 
0 


39 


34 


ANIMALS. 
Rhizopoda.    Actinophrys, 


Infusoria, 


Dinobryon,  . 
Monas, . 
Peridinium, 
Trachelomonas, 


Vermes, 

Anurea, 
Polyarthra,  . 
Rotifer, 
Rotatorian  ova, 

Crustacea,  . 

Cyclops, 
Daphnia, 


pr, 


pr. 


Total  Okganisms, 


21     597 


869    1,355 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE. 
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SPRESTGFIELB. 


Microscopical  Examination  —  Continued. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890, 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination, 
Number  of  sample,   . 

10 
5156 

17 

5186 

2 
5207 

12 
5243 

26 
5280 

12 
5330 

27 
5382 

18  1 
5448 

22 
5551 

15 
5661 

15 

5785 

PLANTS. 
Diatomaceae, 

Astenonella, 

Melosira,        .... 
Bynedra,        .... 
Tabellaria 

Cyanoptiycese,  . 

Anabsena, 

Aphanocapsa, 
Chroococcus, 
Clathrocystis, 
Ccelosj)h8enum,     . 
Microcystis,  .... 
Nostocaceous  spores,  . 

Algse, 

Chlorococciis, 

Closterium 

Ccelastrum,    .... 

Dictyosphaerium, 

Pediastrum,  .... 

Protococcus, 

Raphidium,   .... 

Scenedesmus, 

Sorastrum 

Staurastrum, 

92 

0 

90 

2 

0 

1,028 

30 
0 
0 
10 
9SS 
0 
0 

46 

36 
0 
0 
0 
0 
0 
0 
6 
0 
4 

193 

9 

1S4 

0 

0 

920 

56 
0 
0 

10 

854 

0 

0 

52 

15 
0 
1 
0 
1 
0 

30 
1 
0 
4 

1,196 

8 

1,188 

0 

0 

242 

60 
0 
0 

10 

156 

0 

16 

522 

272 
0 
0 
46 
0 
0 

196 
2 
0 
6 

372 

18 

354 

0 

0 

160 

0 
0 
0 
8 

20 
0 

60 

3,272 

3,224 
2 
2 
0 
0 
0 
36 
4 
0 
4 

228 

106 

122 
0 
0 

392 

260 
0 
0 
24 
80 
0 
28 

668 

598 
6 
2 

30 
0 
0 

20 
4 
2 
4 

612 

94 

516 

2 

0 

374 

272 
0 

10 
4 

88 
0 
0 

116 

88 
10 
0 
10 
2 
0 
0 
6 
0 
0 

1,390 

432 

952 

6 

0 

96 

88 
0 
0 
0 
8 
0 
0 

196 

160 
8 
0 
0 
0 
0 
0 
26 
0 
2 

940 

598 

340 

2 

0 

7 

7 
0 
0 
0 
0 
0 
0 

76 

43 
4 
0 
0 
0 
0 
4 

24 
0 
1 

660 

166 

344 

150 

0 

0 

0 
0 
0 
0 
0 
0 
0 

44 

21 
1 
0 
0 
0 
0 
0 
8 
0 

14 

465 

276 

49 

140 

0 

1 

0 
0 
0 

1 

0 
0 
0 

12 

9 
0 
0 
0 
0 
0 
0 
3 
0 
0 

557 

428 

119 

4 

6 

60 

0 
4 
56 
0 
0 
0 
0 

72 

70 
0 
0 
0 
0 
0 
0 
2 
0 
0 

ANIMALS. 
Rhizopoda.     Actinophrys, 

Infusoria,     .... 

Dinobryon 

Monas 

Peridinium 

Trachelomonas,    . 

Vermes 

Anurea,          .... 

Polyarthra 

Rotifer 

Rotatorian  ova,     . 

Crustacea,  .       .       .       . 

Cyclops,       .... 
Daphnia,       .... 

0 

4 

0 
0 
0 
4 

2 

0 
2 
0 
0 

0 

0 
0 

0 

6 

0 
0 

1 

5 
4 

1 

0 
0 
3 

0 

0 
0 

0 

4 

0 
0 
0 
4 

0 

0 

0 
0 
0 

0 

0 
0 

0 

2 

0 
0 
0 
2 

0 

0 
0 
0 
0 

0 

0 
0 

0 

2 

0 
0 

0 
2 

0 

0 
0 
0 
0 

pr. 

pr. 
0 

0 

2 

0 
0 
0 
2 

0 

0 
0 
0 
0 

pr. 

pr. 

0 

0 

18 

12 
0 
0 
6 

0 

0 
0 
0 
0 

0 

0 
0 

0 

17 

5 
2 
8 
2 

0 

0 
0 
0 
0 

0 

0 
0 

0 

:    35 

21 
0 

14 
0 

1 

1 
0 
0 
0 

0 

0 
0 

0 

3,644 

3,644 
0 
0 
0 

2 

0 

1 

0 

1 

0 

0 
0 

0 

2,891 

2,890 
0 
1 
0 

0 

0 
0 
0 

0 

0 

0 
0 

Total  Obganisms, 

1,172 

1,175 

1,964 

3,806 

1,288 

1,104 

1,700 

1,040 

740 

4,124 

8,580 

240  STATE  BOARD  OF  HEALTH. 

SPRIXGFIELD. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


[Pub.  Doc. 


April. 


April. 


May. 


July. 


Sept. 


Day  of  examination, 
Number  of  sample,  . 


■2S 
.5820 


12 

5875 


26 
5909 


13 

5961 


31 

6010 


25 
6115 


15 
6218 


21 

6i22 


17 
6518 


19 
6733 


18 

6825 


PLANTS. 
Diatomaceee, 

Asterionella, 
Melosira, 
Synedra, 
Tabellaria,    . 

Cyanophycese,  . 


Anabsena, 

Aphanocapsa, 

Chroococous, 

Clattirocystis, 

CcElospliEerium, 

Microcystis,  . 

Nostocaceous  spores, 


Chlorococcus, 
Closterium,  . 
Ctelastrum,  . 
Dictyosphferium, 
Pediastrum, . 
Protococcus, 
Raphidium,  . 
Scenedesmus, 
Sorastrum,  . 
Staurastrum, 


1,268 

940 

328 

0 

0 


58 


4,056 

2,016 

2,040 

0 

0 


36 


4,704 

2,280 

2,424 

0 

0 


1,824 

1,492 

332 

16 

0 


196 


410 

143 

150 

0 

225 

143 

0 

0 

35 

0 

1,120 

506 

1,110 

490 

0 

0 

0 

0 

10 

3 

0 

13 

0 

0 

0 

0 

50 

13 

35 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

5 

0 

0 

5 

0 

68 


710 

200 
0 
0 
155 
355 
0 
0 


241 

38 

0 

0 

0 

5 

0 

0 

95 

13 

90 


1,940 

0 

1,940 

0 

0 


184 

44 

0 

0 

0 

22 

0 

0 

28 

44 

46 


1,304 

24 

1,280 

0 

0 


64* 

56 

0 

26 

52 

508 


1,022 

356 


115 


ANIMALS. 
Rhizopoda.     Actinophrys, 


Infusoria,     . 

Dinobryon,  . 
Monas,  . 
Peridinium,  . 
Trachelomonas 

Vermes, 

Anurea, 
Polyarthra,  . 
Rotifer, 
Rotatorian  ova. 


Crustacea,  . 


Cyclops, 
Daphnia, 


0 

0 

0 

934 

192 

34 

932 
0 
2 
0 

168 

0 

18 

6 

14 
0 

18 
2 

2 

0 

0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

2,270 

4,292 

4,794 

0 

0 

0 

0 

0 

0 

322 

5 

0 

0 

68 

12 

314 

5 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

68 

12 

4 

0 

0 

3 

0 

2 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

2 

0 

0 

3 

0 

2 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

pr. 

0 

pr. 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

2,398 

1,585 

662 

1,022 

2,246 

1,982 

0     pr. 
0        0 


pr. 


Total  Organisms, 


1,269 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE. 
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SPRr?fGFIELD. 

Chemical  Examination  of  Water  from  Ludlow  Reservoir^  collected  at  from  iivo 
to  four  feet  above  the  bottom. 

[Parts  per  100,000.] 


Residue  on 

Nitrogen 

Date  op 

Appearance. 

Evapora- 
tion. 

Ammonia. 

.3 
S 

AS 

3 

c 

ffl 

•A 

a 

i 

■3 

o 
.  o 

t 
o 

S 
o 

;-< 

Albuminoid. 

u 

a 

"3 

> 
o 

-a 

1  c 
a  a 

a 
•a 

!zi 

o 

» 

B 

m 

O 

E-i 

J 

fa                EH 

3 

CO 

o 

w 

18 

89. 

4769 

June    3 

June   4 

Dist't. 

Cone. 

0.10 

_ 

- 

.0108 

.0426 

.0242  .0184 

.09 

.0050 

.0001 

- 

4812 

June  10 

June  11 

Dist't. 

Cons. 

0.15 

_ 

_ 

.0204 

.0460 

.0246 '.0214 

_ 

.0020 

.0000 

- 

4847 

June  17 

June  18 

Slight. 

Cons. 

0.20 

_ 

_ 

.0378 

.0434 

.0294  1.0140 

- 

.0020 

.0003 

- 

4874 

June  24 

June  25 

Dec'd. 

Heavy. 

0.20 

_ 

_ 

.0660 

.0486 

.0282  1.0204 

- 

.0020 

.0001 

- 

4919 

July    8 

July    9 

Slight. 

Heavy. 

0.30 

_ 

- 

.0480 

.0484 

.0364  1.0120 

- 

.0030 

.0001 

- 

4943 

July  15 

July  16 

Dist't. 

Slight. 

0.20 

_ 

_ 

.0000 

.0812 

.0336 

.0476 

- 

.0020 

.0002 

- 

4966 

July  22 

July  23 

Dist't. 

Cons. 

0.10 

_ 

_ 

.0232 

.0762 

.0316 

.0446 

- 

.0050 

.0002 

- 

4991 

July  29 

July  30 

Dist't. 

Blight. 

0.15 

_ 

_ 

.0000 

.06.52 

.0292 

.0360 

- 

.0020 

.0001 

- 

5030 

Aug.   5 

Aug.   6 

Dist't. 

Cons. 

0.10 

_ 

.0008 

.0564 

.02.32 

.0332 

- 

.0020 

.0002 

- 

5053 

Aug.  12 

Aug.  13 

Dist't. 

Slight. 

0.40 

_ 

- 

.0000 

.0730 

.0264 

.0466 

- 

.0020 

.0001 

- 

5079 

Aug.  19 

Aug.  20 

Dist't. 

Slight. 

0.20 

_ 

- 

.0008 

.0546 

.0242  1.0304 

- 

.0030 

.0001 

- 

5119 

Aug.  30 

Aug.  31 

Dec'd. 

Cons. 

0.10 

_ 

- 

.0000 

.0614 

.0242 '.0372 

- 

.0030 

.0001 

- 

5157 

Sept.   9 

Sept.  10 

Dec'd. 

Heavy. 1  0..25 

- 

- 

.0364 

.0550 

.02961.0254 

- 

.0030 

.0000 

- 

5187 

Sept.  16  [Sept.  17 

Dist't. 

Cons. 

0.15 

_ 

- 

.0094 

.0448 

.0228 

.0220 

- 

.0020 

.0000 

- 

5208 

Sept.  30 

Oct.     1 

Dist't. 

Cons. 

0.20 

- 

- 

.0014 

.0524 

.0268 

.0256 

- 

.0000 

.0000 

- 

5244 

Oct.     9 

Oct.   10 

Slight. 

Cons. 

0.10 

_ 

_ 

.0002 

.0532 

.0254 

.0278 

- 

.0030 

.0000 

- 

5281 

Oct.  24 

Oct.   25 

Slight. 

Cons. 

0.30 

_ 

_ 

.0008 

.0538 

.0298 

.0240 

- 

.0050 

.0001 

- 

5331 

Nov.  11 

Nov.  12 

Slight. 

Cons. 

0.20 

_ 

_ 

.0050 

.0.512 

.0312 

.0200 

- 

.0020   .0001 

- 

5383 

Nov.  25 

Nov.  26 

Slight. 

Cons. 

0.10 

_ 

_ 

.0048 

.0408 

.0286 

.0122 

- 

.0070  .0001 

- 

5449 

Dec.  16 

Dec.  18 

Slight. 

Cons. 

0.05 

- 

- 

.0038 

.0402 

.0242 

.0160 

- 

.0040 

.0001 

- 

is'oo. 

5552 

Jan.  20 

Jan.  21 

Slight. 

Cons. 

0.10 

_ 

_ 

.0018 

.0256 

.02061.0050 

■   - 

.0040 

.0001 

- 

5662 

Feb.  13 

Feb.  14 

Dist't. 

Slight. 

0.05 

_ 

_ 

.0000 

.0258 

.0192  1.0066 

- 

.0000 

.0001 

- 

5786 

Mar.  12 

Mar.  13 

Slight. 

Cons. 

0.10 

_ 

_ 

.0004 

.0226 

.01.34  1.0092 

- 

.0020 

.0002 

- 

5821 

Mar.  26 

Mar.  27 

Slight. 

Cons. 

0.20 

_ 

_ 

.0002 

.0204 

.0112 '.0092 

- 

.0020 

.0000 

- 

5876 

Apr.  10 

Apr.  11 

Dec'd. 

Cons. 

0.05 

_ 

_ 

.0000  !. 0204 

.0106. 0098 

- 

.0030 

.0000 

- 

5910  1  Apr.  24 

Apr.  26 

Dist't. 

Cons. 

0.05 

_ 

_ 

.0000 

.0222 

.0126  1.0096 

.12 

.0030 

.0000 

- 

5962  !  May  12 

May  13 

Slight. 

Heavy. 

0.05 

_ 

_ 

.0062 

.0222 

.0140 

.0082 

- 

.0020 

.0000 

- 

6011 

May  28 

May  29 

Dist't. 

Cons. 

0.05 

_ 

_ 

.0000 

.0574 

.0184 

.0390 

- 

.0020 

.0000 

- 

6116 

June  23 

June  24 

Slight. 

Slight. 

0.20 

_ 

_ 

.0518 

.0432 

.0316 

.0116 

- 

.0060 

.0003 

o.s 

6219 

July  14 

July  15 

Dist't. 

Cons. 

0.55 

_ 

- 

.0106 

.0570 

.0356 ',0214 

.09 

.0025 

.0000 

1.1 

6423 

Aug.  18 

Aug.  20 

Slight. 

Cons. 

0.15 

_ 

_ 

.0004 

.0800 

.0266 '.0534 

- 

.0030 

.0001 

1.1 

6519 

Sept.  16 

Sept.  17 

Dist't. 

Cons. 

0.15 

- 

_ 

.0000 

.0446 

.0210 

.0236 

- 

.0070 

.0001 

- 

6621 

Oct.  20 

Oct.  21 

Blisht. 

Cons. 

0.25 

- 

- 

.0006 

.0466 

.0244 

.0222 

.09 

.0050 

.0003 

1.1 

6734 

Nov.  17 

Nov.  18 

Slight. 

Slight. 

0.15 

_ 

_ 

.0012 

.0308 

.0234 

.0074 

.12 

.0070 

.0001 

0.8 

6826 

Dec.  15 

Dec.  16 

Dist't. 

Cons. 

0.10 

- 

- 

.0016 

.0420 

.0260 

.0160 

.09 
.10 

.0150 

.0002 

0.8 

Av. 

0.16 

- 

- 

.0076 

.0443 

.0242 

.0201 

.0042 

.0001 

0.9 

Odor,  generally  vegetable  and  grassy;    frequently  disagreeable. The  samples  were  collected 

from  near  the  middle  of  the  reservoir,  at  from  2  to  4  feet  above  the  bottom,  with  the  exception  of  No. 
5449,  which  was  collected  from  the  filter-dam  pier.  The  depth  of  the  reservoir  when  full  is,  at  this 
point,  22  feet,  but  during  the  period  from  June,  1889,  to  December,  1890,  the  reservoir  was  kept  from  2 
to  11  feet  below  high-water  mark.  For  heights  of  water  at  times  when  samples  of  water  were  collected, 
see  page  245. 
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SPRESrGFIELD. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

June. 

June. 

June. 

June. 

July. 

July.    July. 

July. 

Aug. 

Aug. 

Aug. 

Aug. 

Day  of  examination, 
Number  of  sample,  . 

4769 

11 

4S12 

18 

4847 

25 

4874 

9 
4919 

16 

4943 

23 

4966 

30 
4991 

6 
5030 

13 
5053 

20 
5079 

31 
5119 

PLANTS. 
Diatomacese,     . 

Asterionella, 

Melosira, 

Syaedra, 

Cyanophj^cese, . 

Anabsena,     . 
Aphanocapsa, 
Chroococcus, 
Clathrocystis, 
Coelosphserium,    . 
Microcystis, . 
Nostocaceous  spores, 

Alg-se, 

Chlorococcus, 
Closterium,  . 
Coelastrum,  . 
DictyosphEerium, 
Pediastrum, 
Raphidium,  . 
Scenedesmus, 
Sorastrum,    . 
Staurastrum, 

- 

5 

1 
'2 
2 

23 

20 
0 
0 
3 
0 
0 
0 

3 

2 
0 
0 
0 
pr. 
0 
1 
0 
0 

pr. 

pr. 

pr. 

0 

2 

2 
0 
0 
pr. 
0 
0 
0 

1 

1 
0 
0 
0 

pr. 
0 

pr. 
0 
0 

1 

pr. 
1 
0 

3 

1 

0 
0 
2 
0 
0 
0 

1 

0 
0 

1 

0 

0 
0 
0 

7 
0 
0 

60 

2 
0 

11 
0 

47 
0 
0 

40 

33 
0 
4 
0 
0 
0 
3 
0 
pr. 

0 

0 
0 
0 

359 

41 
0 
0 

1 

317 
0 
0 

78 

0 
0 
3 
4 
0 
0 
6 
0 
65 

0 

0 
0 
0 

392 

0 
0 
0 

76 

316 

0 

0 

26 

0 
0 
0 
0 
2 
0 
4 
0 
20 

42 

8 
34 

0 

1,276 

0 
0 
0 
14 
1,262 
0 
0 

32 

0 
0 
0 
0 
2 
0 
2 
0 
28 

174 

8 

166 

0 

702 

0 
0 
0 
2 
700 
0 
0 

18 

8 
0 
0 
0 
2 
0 
0 
0 
8 

44 

0 

44 

0 

750 

0 
0 
0 
6 
744 
0 
0 

10 

0 
0 
0 
0 
0 
0 
0 
0 
10 

244 

18 

226 

0 

920 

0 
0 
0 
4 
916 
0 
0 

20 

0 
0 
0 
0 
0 
0 
2 
0 
18 

52 

0 

50 
2 

848 

6 
0 
0 
8 
832 
0 
0 

40 

30 
0 
0 
0 
2 
0 
2 
0 
6 

ANIMALS. 
Rhizopoda.     Actinophrys, 

Infusoria,    .       .       .       . 

Dinobryon,  .... 

Monas, 

Peridinium,  .... 
Traclielomonas,  . 

Vermes,        .       .       .       . 

Anurea,         .... 

Polyarlhra 

Rotatorian  ova,    . 

Crustacea,  .... 

Cyclops 

Daphnia,       .... 

- 

0 

0 

0 
0 
0 
0 

pr. 

pr. 
0 
0 

pr. 

0 
pr. 

0 

0 

0 
0 
0 
0 

pr. 

pr. 
0 
0 

pr. 

pr. 
pr. 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

pr. 

0 

0 

pr. 

0 

0 

0 
0 
0 

pr. 

0 
pr. 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 

0 

1 

0 
0 
0 

1 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0. 

0 

0 
0 

Total  Organisms, 

- 

31 

3 

5 

107 

437 

418 

1,351 

894 

804 

1,184 

938 
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Microscojncal  Examination  —  Continued. 

[Number  of  organisms  per  cubic  centimeter.] 


» 

1889. 

1890. 

Sept 

Sept 

Oct. 

Oct. 

Oct. 

Kov. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Mar. 

April. 

Day  of  examination, 
Number  of  sample,  . 

10 
5157 

17         2 
5187   5208 

12 

5244 

26 
5281 

12 
5331 

27 
5383 

18 
5449 

22 
5552 

15 

5662 

15 

5786 

28 
5821 

12 

5876 

PLANTS. 
Diatomacese,     . 

Asterionella, 

Meloaira, 

Synedra, 

Cyanophycese, . 

Anabaena,     . 

Aphanocapsa, 

Chroococcus, 

Clathrocystis, 

Coelosphserium,   . 

Microcystis, 

Nostocaueous  spores, 

Algse, 

Chlorococcus, 
Closterium,  . 
Ccelastrura,  . 
Diotyosphjerium, 
Pediastrum, 
Raphidium, . 
Scenedesmus, 
Sorastrum,    . 
Staurastrum, 

• 

64 

0 
62 
■2 

378 

2 
0 
0 
140 
236 
0 
0 

6 

0 
0 
0 
0 
4 
0 
2 
0 
0 

276 

0 

276 

0 

388 

28 
0 
0 
0 
360 
0 
0 

23 

20 
0 
1 
0 
0 
0 
0 
0 
2 

812 

0 

812 

0 

144 

32 
0 
0 
4 

92 
0 

16 

162 

50 
0 
0 

80 
6 
0 

16 
0 

10 

334 

16 
316 

2 

56 

2 
0 
0 
8 

20 
0 

26 

3,392 

3,384 
0 
2 
0 
0 
0 
6 
0 
0 

352 

76 

272 

4 

632 

484 

0 

0 

32 

100 

0 

16 

352 

268 
8 
2 

30 
0 

34 
8 
0 
2 

790 

76 

712 

2 

122 

28 
0 

24 
2 

58 
0 
0 

62 

24 
4 
0 
8 
2 
4 

12 
0 
8 

1,706 

384 

1,318 

4 

188 

176 
0 
0 
0 

12 
0 
0 

136 

90 
10 
6 
4 
0 
0 
22 
0 
4 

1,484 

926 

558 

0 

.   26 

26 
0 
0 
0 
0 
0 
0 

56 

30 
5 
0 
1 
0 
0 

19 
0 
1 

782 

298 
368 
116 

0 

0 
0 
0 
0 
0 
0 
0 

28 

18 
2 
0 
0 
0 
0 
8 
0 
0 

960 

440 
372 

148 

1 

0 
0 
0 
0 

1 

0 
0 

11 

6 
0 
0 
0 
0 
0 
5 
0 
0 

958 

790 

168 

0 

25 

0 
6 
18 
0 
1 
0 
0 

144 

140 
0 
0 
0 
0 
0 
4 
0 
0 

1,152 

768 

380 

4 

44 

0 
0 
44 
0 
0 
0 
0 

24 

22 
0 
0 
0 
0 
0 
2 
0 
0 

3,660 

1,820 

1,828 

12 

56 

0 
0 
4S 
4 
4 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria,    .... 

Dinobryon 

Monas 

Peridinium, .... 

Traolielomonas,  . 

Vermes 

Anurea 

Polyarthra 

llotatorian  ova,    . 

Crustacea 

Cyclops,       .... 
Daphuia,       .... 

0 

0 

0 
0 
0 
0 

0 

0 

0 
0 

0 

0 
0 

0 

3 

0 
0 
0 
3 

3 

3 

0 
0 

0 

0 
0 

0 

30 

0 

0 

0 

30 

0 

0 
0 
0 

0 

0 
0 

0 

2 

0 
0 
0 
2 

0 

0 
0 
0 

pr. 

^^6 

0 

4 

0 
2 
0 
2 

0 

0 
0 
0 

pr. 

0 
pr. 

0 

26 

IS 
0 
0 
8 

0 

0 
0 
0 

G 

0 
0 

0 

8 

0 
0 
6 
2 

2 

2 
0 
0 

0 

0 
0 

0 

12 

3 
0 
8 
1 

4 

2 
2 
0 

0 

0 
0 

0 

54 

42 
0 

12 
0 

3 

0 

2 

1 

0 

0 
0 

0 

3,092 

3,092 
0 
.0 
0 

2 

0 

1 
1 

0 

0 
0 

0 

3,350 

3,350 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

1,506 

1,492 

12 

2 

0 

4 

2 
2 
0 

0 

0 
0 

0 

254 

244 
10 
0 
0 

0 

0 
0 
0 

0 

0 
0 

Total  Organisms, 

448 

693 

1,148 

3,784 

1,340 

1,000 

2,040 

1,582 

867 

4,066 

4,477 

2,730 

3,970 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


[Pub.  Doc. 


April. 


May. 


I 
July.  I  Aug. 


Sept. 


Day  of  examination, 
jSlumber  of  sample, 


26 
5910 


13 
5962 


31 
6011 


25 
6116 


15 
6219 


21 
6423 


17 
6519 


19 
6734 


PLANTS. 
Diatonaacese,  . 

Asterionella,  .  .  . 
Mel'jsira,  .  .  .  . 
Synedra,    .        .        .        . 

Cyanophycese, 

Anabsena 

Aphanocapsa,  . 
Cliroococcns,  . 
('lathrocj-etis,  . 
Coelosphferium, 
Microcystis, 
Nostocaceous  spores, 

Algse, 

Chlorococcus,  . 

Closterium, 

Coelastrum, 

Dictyosphserlum, 

Pediastrum, 

Raphidium, 

Scenedesmus,   . 

Sorastrum, 

Staurastrum,     . 

ANIMALS. 
Rllizopoda.     Actinophrj^ 

Infusoria, 

Dinobryon, 

Monas 

Peridinium, 
Trachelomonas, 

Vermes,     .       .       .       . 

Anurea,     .        .        .        . 
Polyarthra, 
Kotatorian  ova, 

Crustacea, 

Cyclops,  .  .  •  . 
Daphnia,    .        .        .        . 


4,966 

2,6.32 

2,32S 

6 


52 


676 
12 


120 


108 
0 
0 
2 


240 

150 
80 
10 


111 


323 

315 
0 
0 
0 
8 
0 
0 


266 

0 
0 
0 
0 
0 
263 
0 
0 


168 

15 

153 

0 


275 

60 
0 
0 

25 

190 

0 

0 


356 

55 
0 
15 

8 
15 
50 
83 

5 
125 


1,512 


1,504 
0 


2,622 

0 
0 

108 

34 

2,480 

0 

0 


160 

■     4 

0 

0 

0 

8 

56 

18 

30 

44 


2,034 

26 

2,008 

0 


2,156 

56 

38 

18 

4 

1,140 

0 

0 


726 

204 
520 

2 


855 

280 

574 

1 


965 

3 

12 

908 


0 
0 
0 
0 
pr. 
0 

14 
0 

56 


0 

0 

0 

0 

6 

7 

0 

0 

12 

14 

6 

10 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

4 

2 

0 

1 

0 

0 

8 

12 

6 

6 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

pr. 

pr. 

0 

0 

pr. 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

667 

799 

4,306 

4,240 

8.57 

1,899 

Total  Organisms, 


5,058  12,660 

I 
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SPRINGriELD. 

Table  showing  Heights  of  Waie?'  in  Ludloio  Reservoir  at  Times  ivhen  Samples 
of  Water  were  collected  for  Analysis. 

FOTE.  — Height  of  roUway,  23.00  feet. 


June  3, 
June  ]0, 
June  17, 
June  24, 
July  8, 
July  15, 
July  29, 
Aug.  5, 
Aug.  12, 
Aug.  19, 
Aug.  30, 
Sept.  9, 
Sept.  16, 
Sept.  30, 
Oct.  9, 
Oct.  24, 
Nov.  11, 


Height 
of  Water. 


20.70 
20.63 
21.02 
20.85 
20.42 
20.28 
19.94 
20.22 
20.04 
20.12 
19.76 
19.30 
19.10 
19.02 
18.85 
18.10 
17.59 


Nov.  25, 
Dec.  16, 

Jan.  20, 
Feb.  13, 
Mar.  12, 
Mar.  26, 
Apr.  10, 
Apr.  24, 
May  12, 
May  28, 
June  23, 
July  14, 
Aug.  18, 
Sept.  15, 
Oct.  20, 
Nov.  17, 
Dec.   15, 


1889  — Con. 


1890. 


Height 
of  Water. 


17.48 
17.88 

17.62 
17.56 
17.16 
18.05 
17.61 
16.77 
16.82 
16.70 
15.80 
14.55 
13.37 
13.20 
13.05 
12.75 
12.28 


Chemical  Examinatio7i  of  Water  from  Higher  Btvok,  in  Ludlow. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

a 
1 
S 
o 

XlTROGEN 
AS 

S 

o 
O 

a 
.2 

-3 

3 

3 

d 

1 
■3 

CO 

o 
o 
O 

o 
H 

o 

o 

Albuminoid. 

1 

1 

c 

1 

O 

o 

s 

•6 
•a 

to  S 

3  a 

c 

•s 

cS 

18 

89. 

4870 

June  24 

June  25 

V.  sl't. 

Slight. 

0.40 

- 

- 

.0016 

.0186 

.0154 

.0032 

- 

.0030 

.0001 

- 

5003 

July  31 

Aug.  1 

V.sl't. 

Cons. 

1.70 

- 

- 

.0022 

.0494 

.0442 

.0052 

.12 

.0080 

.0001 

1.7 

5074 

Aug.  17 

Aug.  19 

V.sl't. 

Cons. 

0.55 

5.25 

1.44 

.0014 

.0228 

.0166 

.0062 

.15 

.0030 

1 

.0001 

- 

Odor,  faintly  vegetable. No.  4870  was  collected  from  Higher  Brook  Canal  vrhere  it  empties  into 

Ludlow  Reservoir.  No.  5003  was  collected  from  Higher  Brook,  at  a  bridge  near  Chapiu's  Pond  in  Lud- 
low, when  the  brook  was  high  on  account  of  recent  rains.  No.  5074  was  collected  from  the  brook  near 
its  month. 
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SPRESreFIELD. 

Microscopical  Examination. 

[Number  of  orgauisms  per  cubic  centiuaeter.] 


Aug. 


Day  of  examination, 

Number  of  sample jm 

PLANTS. 
Diatomacese, 

Melosira, 

Navicula, 

Synedra, 

Tabellaria, 

Fungi.    Crenothrix, 

Algse.    Pleurococcus, 

ANIMALS. 
Infusoria, 

Ciliated  infusorian 

Peridinium 

Total  Oeganissis, 


1 

5003 


20 
5074 


12 

pr. 

2 

pr. 

0 

0 


Chemical  Examination  of  Water  from  Broad  Brook,  in  Belchertown. 

[Parts  per  100,000.] 


4871 
5002 
5098 
5099 


18 

June  24 

July  31 
Aug.  23 
Aug.  23 


89. 

June  25 

Aug.  1 
Aug.  24 
Aug.  24 


Appearance. 


o 


Dist't. 

V.sl't. 
V.sl't. 

v.srt. 


v.sl't 
v.sl't 
Slight. 
Slight. 


0.35 
0.80 
0.40 
0.50 


Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

6 

c 
o 

og, 
o 

Albuminoid. 

s 
g 

3 

o 

"3 
o 

T3 
> 

S 

■a 

13 
1    " 
S  P. 

_ 

_ 

.0022 

.0226 

.0190 

.0036 

_ 

.0040 

.0001 

- 

- 

.0008 

.0270 

.0270 

.0000 

.12 

.0030 

.0001 

5.65 

1.65 

.0014 

.0166 

.0136 

.0030 

.13 

.0020 

.0000 

4.20 

0.95 

.0016 

.0140 

.0116 

.0024 

..« 

.0030 

.0001 

1.5- 
2.3 
1.9 


Odor,  vegetable. Samples  numbered  4871  and  5002  were  collected  from  the  upper  end  of  Broad 

Brook  Canal,  near  the  Belchertown  Reservoir.  No.  5098  was  collected  from  Broad  Brook,  above  the 
swamp,  at  the  head  of  the  Belchertown  Reservoir.  No.  5099  from  Broad  Brook,  where  it  empties  into 
the  Belchertown  Reservoir. 
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SPKINGFIELD. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Aug. 


Aug. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
DiatomacesB,    . 

Ceratoneis, .  .  .  . 
Navicula,  .... 
Synedra 

Fungi.    Crenothrix,    . 

ANIMALS. 
Infusoria.    Peridinium,  . 

Total  Organisms, 


25 
4871 


1 

5002 


24 

5098 


24 
5099 


pr. 


24 


54 


29 


58 


Chemical  Exarnination  of  Water  from  Ludlow  Reservoir,  Springfield  Water  Works, 
just  before  it  is  discharged  into  Van  Horn  Reservoir. 

Note.  —  These  samples  were  obtained  to  determine  whether  the  chemical  composition  of  the  water 
of  the  Ludlow  Reservoir  undergoes  any  change  as  a  result  of  the  aeration  which  it  receives  where  it  is 
turned  into  the  Van  Horn  Reservoir.  The  water  flows  about  12  miles  through  pipes  from  the  Ludlow 
Reservoir  and  is  then  discharged  through  an  8-inch  pipe  into  a  ditah  about  500  feet  long  in  the  elevated 
sandy  plain  beside  the  Van  Horn  Reservoir.  After  flowing  through  this  ditch  the  water  enters  a  trough 
having  a  steep  grade  and  flows  swiftly  down  nearly  to  the  level  of  the  reservoir. 

[Parts  per  100,000.] 


Date  of 

Appeaeancb. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

a 

Nitrogen 

AS 

o 
to 

i 

S 
S 

1 

^ 

a" 
o 

OS) 

Albuminoid. 

"S 

> 

•a 

o 

o 

i3 

izi 

'A 

O 

H 

b* 

CO 

o 

H 

ij 

fe 

H 

a 

CQ 

o 

18 

89. 

5031 

Aug.   5 

Aug.   6 

Slight. 

V.sPt. 

0.10 

- 

- 

.0000 

.0734 

.0214 

.0520 

- 

.0020 

.0000 

5032 

Aug.  5 

Aug.    6 

Slight. 

V.sl't. 

0.10 

- 

- 

.0000 

.0776 

.0222 

.0554 

- 

.0030 

.0001 

Odor,  none,  vegetable  when  heated. Sample  No.  5031  was  collected  from  the  lower  end  of  the 

trough;  No.  5032  from  the  end  of  the  8-inch  pipe,  where  it  discharges  into  the  ditch.' 


Mici'oscopical  Examijiation. 

No.  5031.  Diatomaceae,  Asterionella,  2;  Melosira,  52;  Synedra,  2.  Cyanophycese,  Clathrocystis, 
4;  Coelosphcerium,  GOO.    Algsa,  Staurastrtcm,  4.    Total  organisms,  664. 

No.  5032.  Diatomaceoe,  AHerionella,  4;  Melosira,  98.  Cyanophycese,  Clathrocystis,  12;  Coilos- 
])ha!rium,Q60.    Algie,  Chlorococcus,  16;  Scenedcsmus,2;   Staurastrum,  6.    Total  organisms,  1,098. 
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SPRINGFIELD. 

Chemical  Examifiation  of  Water  from  a  Faucet  in  Springfield  supplied  from 

Ludloiv  Reservoir. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

c 

. 

Albuminoid. 

s 

o 

3 

1 

i 

■3 

§S) 

. 

i 

•a 
>■ 

'0 

■a 
■a 

c 
'u 

0 

a 

'i-i 

1 

^ 

^ 

O 

H 

H 

03 

o 

&- 

fj 

^ 

Eh 

a 

CO 

U 

K 

'A 

M 

18 

89. 

5080 

Aug.  19 

Aug.  20 

V.sl't. 

V.  6l't. 

0.0 

- 

- 

.0048 

.0148 

- 

- 

- 

.0070 

.0004 

~ 

Odor,  vegetable,  somewhat  disagreeable. The  sample  was  drawn  from  a  faucet,  through  a  filter 

attached  thereto,  the  water  coming  from  Ludlow  Reservoir. 


Ko  organisms. 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  the  Belchertown  Reservoir,  i7i  Belchertown, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

0 

Nitrogen 

AS 

;0 

0 

3 

1 

u 

5 

Albuminoid. 

X2 

■3 

•6 
> 
0 

•6 
1  c 

a 
•a 

0 

0 

0 

0 

X 

'A 

iS 

W 

H 

cc 

0 

H 

^ 

EH 

0 

tD 

c; 

'A 

is'so. 

5004 

July  31 1  Aug.   1 

Slight. 

Slight. 

1.2 

~ 

~ 

.0008 

.0380 

.0312 

.0068 

.13 

.0050 

.0002 

1.7 

Odor,  vegetable  and  grassy. The  sample  was  collected  from  the  reservoir,  at  the  outlet. 

Microscopical  Examifiation. 

Diatomacese,  J/etosira,  415.  Cyanophycese,  Clathrocystis,  1;  Chroococcus,Z.  Algse,  Eudorina,2; 
Staurastrum,  1.  Infusoria,  Dinobryon,  6.  Vermes,  Anurea,  pr.;  Rotatorian  ova,  2.  Total  organisms, 
430. 


Chemical  Examination  of  Water  from  a  Well  at  the  Oate-keeper''s  House,  at 
Ludloiv  Reservoir. 


[Parts  per  100,000.] 

Date  of 

Appearance. 

.2 

Ammonia. 

Nitrogen 

AS 

^ 

-: 

_^ 

no 

tj 

^ 

1 

0 
0 
1 

it 

■3 
Eh 

1 

0 
0 

3  > 

iu 

0 

c 
0 
1 

0) 

1 

-2 

1 

1889. 

5001 

July  31    Aug.   1 

None. 

None.               0.0 

3.90 

.0000 

.0028 

.27 

.0080 

.0000 

1.3 

Odor,  none. The  sample  was  collected  from  the  well.    The  temperature  of  the  well  at  the  time 

of  collection  was  53°  F. 

Microscopical  Examination. 

No  organisms. 
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SPKINGFIELD. 

ChemirMl  Examination  of  Water  from  Jabish  Brook,  Belchertoion,  at  proposed 
Poi7it  of  taking  by  Springfield. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
_o 

.10 
.12 

.12 
.11 

Nitrogen 

AS 

o 
o 

1  "^ 

a-- 

03 

•A 

IS 

S 

Eh 

c 

1 
-3 

3 

o 

3 
o 

S 

1 

£ 

Albuminoid. 

■d 
> 
o 

S 

■d 
1  c 
CO 

c 
•a 

5097 
5154 

5517 

IS 

Aug.  23 

Sept.   9 

18 
Jan.     8 

89. 

Aug.  24 

Sept.  10 

90. 

Jan.     9 

V.sl't. 
Slight. 

None. 

V.Bl't. 

Slight. 
V.sl't. 

0.45 
0.25 

0.25 

3.35 
3.00 

0.95 
0.95 

.0040 
.0010 

.0004 
.0018 

.0212 
.0188 

.0070 

.0170 
.0148 

.0048 

.0042 
.0040 

.0022 

.0020 
.0020 

.0120 

.0000 
.0000 

.0001 

0.9 
0.9 

Av. 

0.32 

3.17 

0.95 

.0157 

.0122 

.0035 

.0053 

.0000 

0.9 

Odor,  No.  5097,  distinctly  vegetable;  Nos.  5154  and  5517,  none. The  samples  were  collected 

from  the  brook  at  the  dam  of  Walker  &  Blackman's  saw-mill. 


Microscop)ical  Examiiiation. 

[Number  of  organisms  per  cubic  centimeter.] 


Aug.  Sept 


Day  of  examination,  .        .        .        . 
Number  of  sample,     .        .        .        . 

PLANTS. 
Diatomaceae 

Synedra, 

Tabellaria 

Fungi.     Crenothrix, 

ANIMALS. 
Infusoria, 

Dinobry6n, 

Peridiniura 

Vermes.    Rotifer, .       .       .       . 
Total  Organisms,  . 


24 
5097 


10 
5154 


11 

5517 


11 
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SPRESTGFIELD. 

Chemical  Examination  of  Water  from  Five  Mile  Pond,  Spri^igfield. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Eksidde  on 
Evapora- 
tion. 

Ammonia. 

0 

Nitrogen 

AS 

o 

_3 

3 

1 

■3 

1 

u 
o 

■3 

. 

c 
0 

Albuminoid.      | 

d 
^ 

1 

a 

3 

■3 

•a 
> 
0 

3  S". 

s 

•3 
3 

!z; 

O 

w 

H 

03 

O 

H 

k1 

i£ 

B 

Q 

CO 

^^i 

Iz; 

3 

18 

90. 

5520 

Jan.    9 

Jan.  10 

V.  Bl't. 

Cons. 

0.03 

2.00 

0.85 

.0032 

.0220 

.0202 

.0018 

.21 

.0060 

.0000 

0.3 

Odor,  none. The  sample  was  collected  from  the  pond  near  the  Boston  and  Albany  Railroad. 

Microscopical  Examination. 

Diatomaceffl,  Epithemia,  pr.;  Melosira,  8;  Merismopedia,  pr. ;  Navicula,  2;  Cyclotella,  100*; 
Synedra,  Gl ;  Tabellaria,!.  Cyanophycese,  Cixlosphcerium,  pr.  Algse,  Chlorococcus,  10;  Closterium, 
pr.;  Raphidiuvi,  9;  Spiroicenia,  2.  Infusoria,  61;  Peridinium,  2;  Ciliated  infusorian,  pr.  Total 
organisms,  252. 

*  Estimated. 

Chemical  Examination  of  Water  fror)i  Burchani's  Brook,  in  Springfield. 

'  [Parts  per  100,000.] 


Odor,  very  faintly  vegetable. The  sample  was  collected  from  the  brook  near  its  mouth. 


Microscopical  Examinatio?i. 

Diatomaceoe,  Synedra,  pr.     Fungi,  Grenothrix,  pr. 


Chemical  Examination  of  Water  from  DritiMng  Fountains  in  Springfield. 

[Parts  per  100,000] 


Date  of 

Appearance. 

go 

Ammonia. 

'Eh 
0 

0 

Nitrogen 

AS 

3 

c 
_o 

a 

0 
0 

0 

il 

3 

H 

i 

"3 

0 
0 
0 

6 

■2 
0 

is 

1 

*  S. 

■-B 

0 

d  • 

03 

6522 
5523 

18 

Jan.  13 

Jan.  13 

90. 

Jan.  14 

Jan.  14 

None. 
None. 

None. 
None. 

0.00 
0.00 

26.00 
23.95 

.0000 
.0000 

.0034 
.0038 

1.71 
1.22 

.5000 
.2850 

.0000 
.0000 

9.3 
9.2 

Odor,  none. Sample  No.  5522  was  collected  from  a  fountain  at  the  corner  of  Willow  and  Stock- 
bridge  streets,  known  as  the  Wesson  Spring;  No.  5523  from  a  fountain  on  Main  Street  in  front  of  Court 
Square,  the  water  coming  from  a  spring  at  the  corner  of  Maple  and  Stockbridge  streets. 

Microscopical  Examination. 

No  organisms. 

Note.  —  For  examination  of  water  from  brooks  in  Chicopee  see  Chicopee. 
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stockbridge. 

Water  Supply  of  Stockbridge.  —  Stockbridge  Water 

Company. 

Chemical  Examination  of  Water  from  a  Faucet  in  Stockbridge  supplied  from  the 
Works  of  the  Stockbridge  Water  Company, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

1 

Ammonia. 

Nitrogen 

AS 

<-l  s 

1 

S 
B2 

3 

a 

^ 

1;^ 

."S 
'3 

=  a 

o 

ci 

1 

I 

& 

6 

^ 

m 

o 

M 

<i 

5 

g 

g 

1 

18 

89. 

4971 

July  23 

July  24 

None. 

Very  slight. 

0.00 

"" 

.0000 

.0026 

.09 

.0070 

.0001 

10.3 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  village. 

Microscop)ical  Exaynination. 

DiatomaoeEe,  Bferidion,  pr.;  Synedra,  2. 


Chemical  Examination  of  Water  fror)i  Lake  Agaivam,  in  Stockbridge. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 

^mmonia. 

Nitrogen 

tion. 

o 

Albiiminoirt. 

^ 

o 

■§ 

>. 

■a 

•a 

<u 

m 

. 

SQ 

a 

g 

%° 

S 

a 

C 

-H- 

oa 

6 

■3 

> 
0 

•a 

1  c 

1 

g 

V 

3 

X 

g 

a 

o 

i-, 

m 

s'^ 

7^ 

n 

03 

'A 

O 

H 

^ 

M 

o 

>J 

f^ 

c-i 

5 

!J1 

W 

18 

89. 

5441 

Dec.  13 

Dec.  14 

V.sl't. 

Cons. 

0.30 

11.75 

2.70 

.0030 

.0202 

.0160 

.0042 

.10 

.0080 

.0002 

8.6 

Odor,  none. The  sample  was  collected  from  the  brook  flowing  from  the  lake  into  Konkapot 

Brook. 

Microscopical  Examination. 

Diatomacese,  Synedra,  pr.     Alga3,  Cosmaritim,  pr.    Fungi,  Crenothrix,  7.    Total  organisms,  7. 


Chemical  Examination  of  Water  from  Konkapot  Brook,  Stockbridge. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

c 
0 

s 

0 
.10 

Nitrogen 

AS 

0 

0 
0 

2 

a -5 

a 

S 
s 

c 

a 

1 

0 
0 

.  1 

c 
0 

0 

a3 
u 

Albuminoid.       ' 

rt 
^ 

!? 

% 

1 

1 

"3 

■a 

0 

a 

W 

5442 

18 

Dec.  13 

89. 

Dec.  14 

V.sl't. 

Slight. 

0.10 

8.40 

2.00 

.0008 

.0132 

.0108 

.0024 

.0050 

.0000 

6.4 

Odor,  faintly  vegetable. The  sample  was  collected  from  the  brook  near  its  mouth. 

Microscop)ical  Examination . 

Diatomacese,  3/eridJo?i,  pr.;  Synedra,  I.    Rhizopoda,  Arcella,'gT. 
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STOCKBRIDGE. 

Chemical  Examinaiio7z  of  Water  from  Lake  Averic,  in  Stockbriclge. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidue  on 

EVAPOIiA- 

Ammonia. 

Nitrogen 

TION. 

^ 

1 

g 

Albuminoid. 

u 

3 

« 

X? 

« 

■d 

■o 

<u 

»; 

m 

<u 

s 

g 

3" 

3 

a 

C 

-;^ 

c  a 

^ 

3 

•a 

C3 

.■g 

a 

!z; 

o 

a 

03 

Q 

Eh 

ij 

'■^r 

E- 

G 

03 

U 

^ 

|2i 

tl 

18,80. 

4928 

July     9 

July  10 

Slight. 

Slight. 

0.10 

- 

- 

.0012 

.0226 

.0178 

.0048 

.08 

.0060 

.0000 

4.5 

504] 

Aug.   9 

Aug.    9 

;Dist't. 

Slight. 

0.10 

5.70 

1.50 

.0044 

.0204 

.0156 

.0048 

.10 

.0000 

.0000 

3.9 

Odor,  No.  4928,  distinctly  vegetable  and  disagreeable;   No.  5041,  none. No.  4928  was  collected 

from  the  lake  at  a  depth  of  one  foot  beneath  the  surface  at  a  point  where  the  total  depth  was  12  feet; 
Ko.  5041,  six  feet  beneath  the  surface,  at  a  time  when  the  water  in  the  lake  was  very  high. 

Microscojncal  Examination. 

1^0.4928.  Diatomacese,  Sur ir ella,  'pr.;  Synedra,1.  Cyanophycese,  .4M«6oerea,  9;  CalosphcBrium, 
pr.  Algse,  CMorococcus,  51;  Zoo-Spores,  13.  Infusoria,  Dinobryon,  120;  Euglena,!;  Peridinium,  11; 
Tracheloino7ias,  5.    Vermes,  Polyarthra,  pr.    Total  organisms,  217. 

1:^0.5041.  Diatomaceas,  <S'2/«e(7ra,  28.  Cyanophycese,  ^4?ia6aHa,  1 ;  CmloKphmrium,2.  A]gx,  Chlo- 
rococcus,  n.  Iniusoria,,  Peridinium,  4;  Ciliated  infusorian,-pr.  Vermes,  4«?irea,  pr.;  Polyarthra,  pr . 
Total  organisms,  52.  -  , 


Watek  Supply  or  Swampscott.  —  Marblehead  Water 

Company. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Marblehead  Water  Company, 

Stvanipscott. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

c 
.2 

Ammonia. 

Nitrogen 

AS 

1 

a 
o 

2 
3 

diment. 

.J 

§1 

=  > 

o 

6 

1 

£3 

■a 

^. 

o 

w 

H 

w 

o 

^ 

f^ 

<l 

o 

« 

^ 

a 

IS 

90. 

6645 

Oct.  27 

Oct.  27 

None. 

None. 

0.00 

44.00 

.0006 

.0010 

8.30 

.6250 

.0001 

21.2 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  pumping-station. 

Microscopical  Examinatioji. 

No  organisms. 
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Water  Supply  of  Taunton. 


TAUNTOlSr. 


Chemical  Examinatioji  of  Water  from  the  Filter-basin  of  the  Taunton  Water 

Works. 

[Parts  per  100,000.] 


4969 
50S4 
5189 
5264 
5372 
5462 

5564 
5703 
5800 
5893 
6002 
6128 
6275 
6427 
6522 
6633 
6749 
6843 


Av. 


18 

July  23 

Aug.  20 
Sept.  17 
Oct.  16 
Kov.  20 
Deo    18 

18 

Jan.  23 

Feb.  24 
Mar.  19 
Apr.  16 
May  21 
June  25 
July  22 
Aug.  20 
Bept.  17 
Oct.  22 
Nov.  24 
Dec.  22 


89- 

July  24 

Aug.  21 
Sept.  18 
Oct.  17 
Nov.  21 
Dec.  19 

90. 

Jan.  24 

Feb.  24 
Mar.  20 
Apr.  17 
May  22 
June  26 
July  23 
Aug.  21 
Sept.  18 
Oct.  23 
Nov.  25 
Dec.  23 


Appeakance. 


Slight, 

Slight, 
Dist't, 
V.sl't 
Slight. 
Slight 

None. 
V.sl't. 

V.8l't. 

V.sl't. 
Dist't. 
Slight. 
V.  sl't. 
V.  sl't. 
V.  sl't. 
V.sl't. 
Slight. 
V.sl't. 


None. 
V.sl't. 
V.sl't. 
V.sl't. 
V.sl't. 
None. 

None. 
V.sl't. 
V.  sl't 
V.sl't. 
None. 
Slight. 
V.sl't. 

V.sl't. 
V.sl't. 
Slight. 
Slight. 


0.30 
0.30 
0.25 
0.30 
0.30 
0.05 

0.00 
0.10 
0.80 
0.05 
0.30 
0.30 
0.30 
0.30 
0.40 
0.90 
0.30 
0.20 


0.30 


Residue  ON 
Evapora- 
tion. 


5.45 
6.15 

5.90 
6.75 
5.30 


5.91 


,0014 
,0020 
,0014 
,0010 
,0014 
,0022 

.0004 
,0010 
,0002 
,0008 
,0006 
,0018 
,0028 
,0020 
,0006 
,0014 
,0012 
,0018 


,0013 


Albuminoid. 


,0074 
.0086 
,0080 
,0038 

.0036 
.0020 
.0148 
.0050 
.0102 
,0094 
,0078 
,0088 
,0120 
,0164 
,0064 
,0082 


,0083 


,0060 
,0080 
,0056 


.0120 
.0038 


,0072 
,0082 
,0136 


.0010 
.0014 
.0006 
.0024 


,0028 
.0012 


.0016 
.0038 
.0028 


Nitrogen 

AS 

s 
3 

1 

'■A 

.0200 

.0001 

- 

.0250 

.0001 

- 

.0180 

.0001 

- 

.0120 

.0000 

- 

.0170 

.0001 

- 

.0180 

.0000 

- 

.0230 

.0001 

- 

.0200 

.0001 

.42 

.0150 

.0000 

.57 

.0300 

.0001 

.57 

.0300 

.0000 

.53 

.0300 

.0000 

.60 

.0200 

.0002 

.61 

.0200 

.0001 

.58 

.0170 

.0000 

.60 

.0120 

.0002 

.61 

.0350 

.0001 

.56 
.56 

.0200 

.0001 

.0212 

.0001 

2.1 
2.1 

1.7 
1.4 
1.8 
1.9 
2.1 


Odor,  generally  none,  occasionally  vegetable. The  samples  were  collected  from  a  faucet  at  the 

pumping-station  while  pumping. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination, 

24 

22 

18 

18 

23 

21 

25 

25 

21 

Number  of  sample, 

4969 

5084 

5189 

5264 

5372 

5462 

5564 

5703 

5800 

PLANTS. 

, 

Diatomacese 

pr. 

7 

14 

8 

2 

1 

1 

4 

6 

Melosira, 

Navicula 

Bynedra 

0 

0 

pr. 

5 

1 
1 

9 
3 

2 

5 
0 
3 

0 
2 
0 

0 
0 
1 

0 
1 
0 

pr. 
2 

2 

2 
2 
2 

Cyanophycese.    Oscillaria,    . 

1 

0 

3 

0 

0 

pr. 

0 

pr. 

0 

Algse.    Scenedesmus,  . 

1 

0 

0 

0 

0 

0 

0 

2 

1 

Fungi 

12 

12 

18 

9 

48 

16 

11 

6 

3 

Crenothrix, 

Leptotbrix, 

4 

8 

12 
0 

18 
0 

9 
0 

45 
3 

14 
2 

3 

8 

1 
5 

3 
0 

ANIMALS. 

Infusoria.    Peridiuium,     . 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Total  Organisms, 

14 

19 

35 

17 

50 

17 

12 

12 

12 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,         . 

19 

23 

27 

23 

22 

18 

23 

25 

23 

Number  of  sample,  .... 

5893 

6002 

6128 

6275 

6427 

6522 

6633 

6749 

6843 

PLANTS. 

Diatomacese 

8 

3 

3 

4 

pr. 

8 

4 

11 

20 

Melosira, 

Navicula 

Synedra,        ..... 

2 

2 
4 

3 
0 
0 

3 

pr. 
0 

3 
0 
1 

0 

0 

pr. 

8 
0 
0 

0 
2 
2 

2 
9 
0 

15 

1 

4 

Cyanopliycese,    Oscillaria,     . 

0 

1 

0 

0 

0 

0 

8 

1 

0 

AlgaB.    Scenedesmus,    . 

1 

0 

0 

2 

2 

0 

0 

pr. 

pr. 

Fungi 

7 

2 

7 

98 

10 

12 

0 

2 

0 

Crenothrix 

Leptotbrix, 

4 
3 

2 
0 

7 
0 

98 
0 

10 
0 

12 
0 

0 
0 

2 
0 

0- 

0 

ANIMALS. 

Infusoria.    Peridinium, 

0 

0 

0 

0 

0 

8 

0 

pr. 

0 

Total  Organisms, 

16 

6 

10 

104 

12 

28 

12 

14 

20 
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Che^nical  Exaviination  of  Water  from 

[Parts  per  100, 


the  Taunton  Biver, 

,000.] 


at 


TAUNTOlSr. 

Taunton. 


Date  of 

APPEAEANCE. 

RESID0EON 

EVAPOKA- 

TION. 

Ammonia. 

c 

0 

s 

0 

Nitrogen 

AS 

c 
o 

o 

c 
o 

'■3 
3 

3 

c 
.1 

o 
o 

■3 

0 

0 
c'S 

0  tc 
0 

<B 

2 

Albuminoid.       | 

a 

3 
0 

■6 
> 
0 

s 

•6 
.  c 

in  4) 

P  » 

00 

S3 

■a 
X 

4968 

18 

July  23 

89. 

July  24 

V.  sl't. 

Slight. 

1.80 

_ 

_ 

.0020 

.0332 

.0302 

.0030 

.0110 

.0001 

_ 

5083 

Aug.  20 

Aug.  21 

V.sl't. 

Cons. 

3.00 

- 

- 

.0018 

.0462 

.0412 

.0050 

- 

.0080 

.0001 

- 

5188 

Sept.  17 

Sept.  18 

Slight. 

Slight. 

1.50 

- 

- 

.0032 

.0370 

.0340 

.0030 

- 

.0090 

.0001 

- 

5263 

Oct.  16 

Oct.   17 

Dist't. 

Cons. 

1.70 

- 

- 

.0014 

.0434 

.0392 

.0042 

- 

.0100 

.0002 

- 

5371 

Nov.  20 

Nov.  21 

V.sl't. 

Cons. 

1.80 

- 

- 

.0016 

.0232 

.0216 

.0016 

- 

.0080 

.0001 

- 

5461 

Dec.  18 

Dec.  19 

V.sl't. 

V.sl't. 

1.30 

- 

- 

.0004 

.0228 

.0202 

.0026 

- 

.0180 

.0001 

- 

5563 

18 

Jan.  23 

90. 

Jan.  24 

Slight. 

V.sl't 

1.20 

_ 

- 

.0010 

.0182 

.0158 

.0024 

_ 

.0300 

.0001 

- 

5702 

Feb.  24 

Feb.  24 

Slight. 

Slight. 

0.90 

- 

- 

.0002 

.0168 

.0152 

.0016 

- 

.0150 

.0002 

- 

5799 

Mar.  19 

Mar.  20 

V.sl't. 

Slight. 

1.10 

- 

- 

.0004 

.0204 

.0178 

.0026 

.38 

.0090 

.0000 

- 

5892 

Apr.  16 

Apr.  17 

V.sl't. 

Slight. 

1.30 

- 

- 

.0008 

.0234 

.0178 

.0056 

.40 

.0100 

.0001 

- 

6001 

May  21 

May  22 

V.sl't. 

Slight. 

1.70 

- 

- 

.0018 

.0322 

.0310 

.0012 

.36 

.0200 

.0000 

- 

6127 

June  25 

June  26 

None. 

Slight. 

1.50 

- 

.0036 

.0304 

.0264 

.0040 

.37 

.0070 

.0001 

- 

6274 

July  22 

July  23 

V.sl't. 

Slight. 

1.20 

4.40 

- 

.0014 

.0262 

.0234 

.0028 

.49 

.0040 

.0002 

1.3 

6428 

Aug.  20 

Aug.  21 

V.  sl't. 

Slight. 

0.70 

4.50 

1.70 

.0018 

.0216 

.0196 

.0020 

.57 

.0060 

.0001 

2.1 

6521 

Sept.  17 

Sept.  18 

Slight. 

Cons. 

1.80 

- 

- 

.0030 

.0344 

.0314 

.0030 

.48 

1.0080 

.0000 

1.4 

6632 

Oct.  22 

Oct.   23 

V.sl't. 

Slight. 

1.90 

6.50 

3.35 

.0006 

.0328 

.0274 

.0054 

.59 

.0100 

.0002 

1.4 

6748 

Nov.  24 

Nov.  25 

V.  sl't. 

Slight. 

1.30 

5.10 

1.80 

.0006 

.0240 

.0214 

.0026 

.56 

.0120 

.0002 

1.3 

6842 

Dec.  22 

Dec.  23 

Slight, 
clayey. 

Cons. 

1.10 

5.35 

2.25 

.0036 

.0240 

.0224 

.0016 

.57 
.48 

.0100 

.0002 

1.1 

Av. 

1.46 

5.36 

2.27 

.0016 

.0283 

.0253 

.0030 

.0114 

.0001 

1.3 

Odor,  vegetable,  increased  on  heating. The  samples  were  collected  from  the  river,  opposite  the 

filter-basin  of  the  Taunton  Water  Works. 
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TAinS^TO]^. 

Microscojncal  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample,  . 

PLANTS. 
Diatomacese,     . 

Asterionella, 
Melosira, 
Synedra, 
Tabellaria,   . 

Algse.    Chlorococcus, 

Fungi.    Crenothris, 

ANIMALS. 
Infusoria,    . 

Dinobryon,  . 
Peridinium, 

Total  Organisms; 


July. 


24 
4968 


22 
5083 


Sept. 


18 
5188 


18 
5263 


21 
5371 


21 

5451 


1890. 


25 
5563 


25 
5702 


21 

5799 


0 
112 


0 

1 

pr. 


pr. 


pr. 


pr. 
0 


pr. 


pr. 


pr. 


1890. 

. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

19 

23 

27 

23 

22 

18 

23 

25 

23 

Number  of  sample 

5892 

6001 

6127 

6274 

6428 

6521 

6632 

6748 

6842 

PLANTS. 

Diatomacese 

15 

2 

pr. 

6 

1 

23 

3 

9 

3 

Asterionella 

Melosira, 

Synedra, 

Tabellaria, 

12 
0 
3 
0 

0 
0 

1 
1 

0 
0 

pr. 

pr. 

0 
6 
0 
0 

0 

0 
0 

1 

0 
0 
0 

23 

0 
3 
0 
0 

1 

0 
2 
6 

2 
0 
0 
1 

Algse.    Chlorococcus,   . 

g 

pr. 

2 

2 

0 

5 

0 

0 

0 

Fungi.    Orenothrix,     . 

5 

48 

17 

23 

6 

0 

4 

5 

1 

ANIMALS. 

Infusoria 

pr. 

0 

0 

11 

1 

1 

0 

3 

8 

Dinobryon, 

Peridinium, 

0 
pr. 

0 
0 

0 
0 

5 
6 

0 

1 

0 

1 

0 
0 

3 
0 

6 
2 

Total  Organisms, 

29 

50 

19 

42 

8 

29 

7 

17 

12 

d 
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TATJNTOX. 

Chemical  Examination  of  Water  from  a  Deep  Tubular  Well  at  Taunton. 

[Parts  per  100,000.] 


Date  of 

Appearanc 

B. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

c 

o 
S 

Nitrogen 

AS 

o 

a 
o 

a 
XI 

is 

3 

a 
S 

o 

"3 

o 

Albuminoid. 

5i 

*C 

1 

3 

o 

•6 

% 
o 

■a 
1  c 
S  p. 

•S 

'A 

O  . 

W 

H 

02 

Q 

H 

J 

£ 

H 

P 

tc 

O 

!? 

S 

w 

18 

89. 

4761 

June    3 

June   4 

Dec'd 

Heavy, 

sandy. 

0.00 

18.10 

2.30 

.0020 

.0090 

.0050 

.0040 

.64 

.0180 

.0001 

7.3 

The  sample  was  collected  from  an  8-incli  tubular  well  400  feet  deep,  near  the  filter-basin  of  the 
Taunton  Water  Works. 

Tyngsborough. 

Chemical  Examination  of  Water  from  Tyng's  Pond.    . 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

c 

o 

^      1 
.2 
1  °^ 

3 

a 

u 

"3 

S 
S  Si 

Albuminoid. 

1 

u 

£1 

a 

"3 

> 

o 

u, 

^ 

O 

a 

H 

tc 

O 

Eh 

•^ 

fc< 

&H 

C 

cc 

O 

!zi 

tz; 

18 

90. 

.5572 

Jan.  .30 

Jan.  31 

Slight. 

Slight. 

0.25 

2.40 

0.65 

.0000 

.0144 

.0112 

.0032 

.19 

.0060 

.0000 

O.ft 

Odor,  none. The  sample  was  collected  from  the  pond,  150  feet  from  the  shore.    The  pond  was 

covered  with  ice  about  8  inches  in  thickness. 

Microscopical  Examination. 

J)\a.iovaa.(i&^,  Asterionella,2\;  Stephanodiscus,  10;  Synedra,!;  Tabellaria,  10.   Algae,  Staurastrum, 
pr.;   Coila8trmn,2.    Inixisoria,,  Dinobryon,  &2;  Peridiniuml.    Total  organisms,  107. 


Chemical  Examination  of  Water  from  Long  Pond. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

S 

a -3 

1 

i 

u 

"3 

_5 
Cm 

Albuminoid. 

f. 

s 

"3 

•d 
> 

,   B 

■p 

•a 

Q 

w 

E-i 

05 

O 

H 

1-) 

&:< 

Eh 

Q 

CD 

6 

Sq 

'A 

18 

90. 

5573 

Jan.  30 

Jan.  31 

Slight. 

Very 
slight. 

0.15 

3.00 

0.90 

.0004 

.0158 

.0118 

.0040 

.22 

.0060 

.0001 

1.1 

Odor,  very  faint  or  none. The  sample  was  collected  from  the  pond,  near  its  southerly  end.    The 

pond  was  covered  with  ice  about  8  inches  in  thickness. 


Microscopical  Exavmiation. 

Infusoria,  Dinobryon,  125;  Trachelomonas,  pr. 
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TTAKEFIEIiD. 

"Water   Supply   of   Wakefield   and    Stoneham.  —  Wakefield 

Water  Compant. 

Chemical  Exaviination  of  Water  from  Crystal  Lake,  in  Wakefield. 

[Parts  per  100,000.] 


Date  of 

Appeakancb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

6 

Nitrogen 

AS 

0 

s 

!^ 

-w 

0 

Albuminoid. 

■d 

■0 

M 

.0 

a 

"0 

g.5 

■a 
3 

a 

0 

a 

Zs 

6 

■3 

> 
0 

■0 
1  c 

IT   1> 

c 
0 

a 

s 
V 

u 

0 

s  p. 

'A 

0 

a 

— 

H 

03 

0 

fr- 

-J 

^ 

B 

Q 

05 

0 

!? 

'A 

u^ 

18 

90. 

6562 

Oct.     3 

Oct. 

4 

Dist't. 

Cons. 

0.30 

4.30 

1.35 

.0004 

.0650  .0244 

.0406 

- 

.0100 

.0001 

1.8 

6582 

Oct.  10 

Oct. 

11 

V.sl't. 

Cons. 

0.20 

4.40 

1.25 

.0000 

.0254  .0176 

.0078 

.46 

.0080 

.0001 

1.8 

6583 

Oct.  10 

Oct. 

11 

V.sl't. 

Cons. 

0.25 

3.95 

1.45 

.0000 

.0208  .0150 

.0058 

.46 

.0090 

.0001 

1.8 

Odor,  No.  6562,  vegetable  and  disagreeable;  Nos.  6582  and  6583,  very  faint  when  cold,  disagreeable 

when  heated. The  samples  were  collected  from  the  lake,  ISTos.  6562  and  6582  being  from  near  the 

surface,  and  No.  6583  from  near  the  bottom.    No.  6562  was  collected   at  a  time  when  there  was  much 
complaint  of  the  bad  taste  and  odor  of  the  water. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, . 

Number  of  sample 

PLANTS. 
Diatomacese,      .... 

Asterionella, 

Melosira, 

Stephanodiscus,     .        .        .        , 
Tabellaria, 

Cyanophycese,   .... 

Chrobcoccus,  .... 

Clathrocystis,         .... 
Ccelosphasrium,     .... 

Algse, 

Gloeocapsa, 

Micrococcus, 

ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria, 

Dinobryon 

Trachelomonas,    .... 

Vermes.    Rotatorian  ova,    . 
Total  Organisms,  . 


4 
6562 


11 

6582 


11 

6583 


16 
0 
0 
0 

182 

176 
6 
0 


820 


816 
4 


557 


555 
2 


1,028 


935 

932 
3 

0 


1,033 
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TVAK-EFIEIiD. 

Chemical  Examinaiio7i  of  Water  from  a  Faucet  supplied  froin  Crystal  Lake, 

Wakefield. 

[Parts  per  100,000.] 


Residue  ON 

Date  of 

Appeakance. 

Evapora- 

Ammonia. 

tion. 

„• 

^ 

Albuminoid. 

a 

c 
o 

.2 

a -2 

c 

a 

•3 

o 

o 

t-. 

3 

o 

■a 

3  P. 

1 

O 

1 

1 

2 
•3 
3 

'A 

O 

a 

H 

w 

O 

b* 

J 

fa 

r-i 

s 

w 

O 

2 

(S 

M 

18 

90. 

6561 

Oct.  3 

Oct.  4 

Slight. 

V.sl't. 

0.20 

4.15 

1.20 

.0000 

.0234 

.0184 

.0050 

.48 

.0150 

.0001 

1.9 

Odor,  vegetable  aud  unpleasant. The  sample  was  collected  from  a  faucet  in  the  town  at  a  time 

when  there  was  much  complaint  of  the  bad  taste  and  odor  of  the  water. 

Microscopical  Examination. 

DiatomacesB,  Asterionella,  32;  Melosira,^;  Synedra,  16;  Tabellaria,Zi.  Cyanophycese,  Clathro- 
cystis,  44;  Ghroococcus,  418.  Algas,  Ghlorococcus,  6;  Staurantrum,  2;  Glc&ocapsa,  2.  Infusoria, 
Dinobryo?i,Z80.    VermeB,  Amirea,  Q.    Crnslacea.,  Cyclops,  pr.;  Daphnia,-pi.    Total  organisms,  942. 


Chemical  Examination  of  Water  from  a  Spring  in  Boynionville,  Wakefield. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

s 

Ammonia. 

Nitrogen 

AS 

.Q 

a 

c 
o 

S 

a| 

1 

i 

§1 

dj 

o 

3  a 

2 

o 

S 

'C 

2 

■A 

O 

w 

JH 

M 

o 

^ 

!ii 

<i 

Q 

Z 

'A 

HI 

18 

89. 

5120 

Aug.  30 

Sept.  3 

None. 

Slight. 

0.00 

3,35 

.0014 

.0022 

.40 

.0500 

.0000 

5.8 

Odor,  none. The  sample  was  collected  from  the  spring,  which  is  used  as  a  source  of  watei"  sup- 
ply by  several  families. 


Microscop ical  Exam inaiio n. 

Diatomace3B,  A'iiujcdita,  pr.;  Synedra,  'pv.    Infusoria,  Synura,'g\\ 
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Water  Supply  or  Waltham. 


Chemical  Examination  of  Water  from  the  Filler-basin  of  the  Waltham  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

s 

Ammonia. 

Nitrogen 
as 

rH    ^ 

.0 

c 
.2 
"S 

0 

a 

?^ 

21 
s5 

6 

0 

5  a 

0 

f. 

OJ 

c 

5a 

0 

•A 

c, 

m 

0 
0 

^ 

£ 

^ 

3 

g 

izi 

03 

18 

90. 

5624 

Feb.  11 

Feb.  12 

None. 

Very  slight. 

0.00 

- 

.0000 

.0012 

.47 

.0380 

.0002 

- 

Odor,  vegetable  and  disagreeable. The  sample  was  collected  from  the  filter-basin. 

Microscopical  Examination, 

No  organisms. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Waltham 

Water  Works. 

[Parts  per  100,000.] 


Residue  ON 

Date  of 

Appearance. 

Evapora- 
tion. 

Ammonia. 

as 

^ 

^ 

Albuminoid. 

c 

c 

"S 

>. 

■s 

■a 

■d 

c; 

» 

m 

S 

.a 

1 

B-- 

3 
3 

a 

■« 

0  5) 

CO  *"< 

«          g 

■a 

0 

£ 

.■§ 

•5 

=: 

X 

3  p- 

^ 

:S 

;t:^ 

K 

55 

Q 

W 

(K 

0 

H 

ij 

fe 

tH 

c 

CO 

0 

2; 

|Zi 

W 

18 

90. 

5625 

Feb.  11 

Feb.  12 

Dist't. 

Slight. 

0.00 

- 

- 

.0000 

.0124 

.0072 

.0052 

.47 

.0280 

.0001 

- 

Odor,  none;  when  heated,  disagreeable. The  sample  was  collected  from  the  reservoir. 

Microscopical  Examination 

DiatomacsEe,  ^.sferjone/to,  5,120;  Synedra,2,%Z<i.  Algas,  Chlorococcus,  2;  Pediasiimm,  4:.    Infusoria, 
Dinobryon,  6.    Total  organisms,  7,762. 


Chemical  Examination  of  Water  from  a  Tubular  Well  near  the  Filter-basin  of  the 

Waltham  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

-    5 

Ammonia. 

KiTROGEN 

AS 

.a 

a 

.2 

5 

.2 

a| 
03  ~ 

3 
S 

u 
0 
0 
0 

§1 
1 

Free. 

Albu- 
minoid 

c 
0 
2 

Q 

1 

'u 

c 
•c 

18 

90. 

6278 

July  22 

July  23 

Very  slight. 

S!'t,  earthy. 

0.00 

15.20 

.0000 

.0014 

.73 

.1200 

.0001 

2.1 

Odor,  none. The  sample  was  collected  from  a  tubular  well  5  inches  in  diameter  and  83  feet  deep, 

located  about  50  feet  from  the  filter-basin  and  20  feet  from  the  river.    Water  had  been  pumped  from  the 
well  for  about  ten  hours  previous  to  the  collection  of  the  sample. 


Microscopical  Examination. 

Algas,  Zygnema,  pr.    Fungi,  Crenothrix,  36. 
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T^^AXTHAM. 

Chemical  Examination  of  Water  frovi  Charles  Eiver,  at  Waltham. 

[Parts  per  100,000.] 


Odor,  decidedly  vegetable. 
Waltham  Water  Works. 


-  The  samples  were  collected  from  the  river,  near  the  fllter-basin  of  the 


Microscopical  Examination, 

No.  6279.  Diatomace8e,iV«DicMfa,pr.;  Synedra,  Tpr.;  Cyclotella,!.  Cyanophy cesd,  Gxlosphceriwin, 
pr. ;  Oscillaria,  pr.  Algfe,  Coilasti'um,  pr.;  Eudorina,  pr.  Fungi,  Crenothrix,  15.  Infusoria,  Peri- 
dinium,  1.    Total  organisms,  17. 

1^0.6304.  Cy aixoyhy ctisi,  Anahmia,!.  A]gse,  Ghlorococcus,  6;  Ccela.strumy'pr.;  Scenedesmus, ■pr.; 
Dictyosphcerium,  pr.    Fungi,  Crenothrix,  64.    Infusoria,  Peridinium,  pr.    Total  organisms,  71. 


Water  Supply  of  Ware. 

Chemical  Examination  of  Water  from  the  Well  of  the  Ware  Water  Worlcs. 

[Parts  per  100,000.] 


Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pumping-station,  while  pumping. 

Microscopical  Examination. 

No  organisms. 
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WARE. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Ware 

Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a5 

c 
•E 
_o 

s 

0 

.87 
.•99 

Nitrogen 

AS 

a 
o 

i 

o 

O 

03 

3 

3 

c 

0) 

a 

o 
o 

1 

5 

w  M 
O 

1-1 

ai 

Em 

Albuminoid. 

S 
2 

u 

Si 

a 

3 

■3 
0 

> 

s 

Q) 

■a 
,  c 

oil  oi 
3  P. 
00 

1 

4837 
5632 

18 

June  13 

18 

Feb.  11 

89. 

June  15 

90. 

Feb.  1'2 

Slight. 
V.sl't. 

V.  sl't. 
Slight. 

0.00 
0.00 

8.35 

- 

.0038 
.0006 

.0128 
.0038 

.0074 

.0054 

.3750 
.2000 

.0032 
.0012 

- 

Odor,  No.  4837,  unpleasant;  No.  5632,  none. The  samples  were  collected  from  the  reservoir. 

Microscopical  Examination, 

No.  4837.    Algse,  Chlorococcus,  1.    Crustacea,  Cyclopa,  pr. 

No.  5632.    DiatomacesB,  <Sy?iecZra,  9.    Algse,  C/oster«<ni,  273;  Gonium,2.    Total  organisms,  284. 


Washington. 

Chemical  Examination  of  Water  from  Brooks  in  Washington. 

[Parts  per  100,000.] 


Kesiddeon 

EVAPOBA- 
TION. 


Date  of 

APPEAEANC 

E. 

c 

a 

c 
1 

0 

a-2 

3 

a 

3 

0 

>i 

% 

Izi 

0 

H 

&H 

CO 

Q 

18 

89. 

5114 

Aug.  28 

- 

- 

- 

0.50 

5115 

Aug.  28 

Aug.  31 

v.sl't. 

Slight. 

1.80 

5.35 


2.85 


Ammonia. 

Nitrogen 

AS 

Albuminoid. 

■a 

-a 

^. 

> 

-o 

•n 

*J 

0 

b 

H 

Q 

ai 

0 

'A 

;zi 

.0030 

.0356 

.0302 

.0054 

.08 
.07 

.0070 

.0001 

1.3 

1.3 


Odor,  none,  vegetable  when  heated. No.  5114  was  collected  from  Basin  Pond  Brook,  at  the 

uppermost  point  where  it  is  crossed  by  the  road  from  "Washington  to  Lenox  Dale;  No.  5115  from  Roar- 
ing Brook,  at  the  point  where  it  is  crossed  by  the  first  road  below  West  Pond. 

Microscopical  Examination. 

No.  5115.    Fungi,  Grenothrix,  28. 
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WATERTOW^lSr. 

Water  Supply  or  Wateetown  and  Belmont.  —  Watertown 
Water  Supply  Company. 

Chemical  Examination  of  Water  fronn  the  Filter-gallery  of  the  Watertown  Water 

Supply  Company, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Ammonia. 

Nitrogen 

AS 

1 

a 

o 
o 

o 

•3 

i 

u 

o 
o 
O 

6 

2 
o 
c 

1 

1 

6433 

18  90. 

Aug.  22    Aug.  23 

None. 

None. 

0.00 

7.40 

.0014 

.0042 

.69 

.0450 

.0000 

3.9 

Odor,  none. The  sample  was  collected  from  the  filter-gallery. 

Microscopical  Examinatio  n. 

No  organisms. 


Chemical  Examination  of  Water  from  a  Faucet  supplied  fy'om  the   Tajik  of  the 
Watertown  Water  Supply  Company. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 

EVAPOKA- 

Ammonia. 

Nitrogen 

TION. 

0 

S 

S 

-3 
3 

1 

3 

3 

» 

Albuminoid. 

1 

bij 

a 

■3 

■a 
0 

d 
^ 

o 

3  0. 

|Zi 

o 

w 

^ 

OJ 

O 

H 

ij 

fa 

a 

CO 

0 

t5 

;zi 

W 

18 

90. 

6434 

Aug.  22 

Aug.  23 

V.sl't. 

Slight. 

0.00 

7.25 

1.70 

.0000 

.0036 

.0020 

.0016 

.64 

.0550 

.0000 

4.0 

Odor,  none. The  sample  was  collected  from  the  second  house  on  the  line  of  pipe  leading  from 

the  tank  of  the  Watertown  Water  Supply  Company,  and  probably  reijresents  water  which  had  been  in 
the  tank. 


Microscop)ical  Examination. 


Fungi,  Crenothrix,  10. 
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WATERTOTV^N. 

Cheynical  Examination  of  Water  from  the  Charles  River,  at  Watertown. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

0 

2 

.74 

.87 

Nitrogen 

AS 

_o 
O 

S 

u 

s 

1 

o 

Q 

■3 
1 

a 

_o 

1 

^ 

^ 

Albuminoid. 

a 

0 

■0 
> 

S 

1  c 

§0, 

M 

1 

6265 
6295 

18 

July  21 

July  28 

90. 

July  21 

July  28 

Slight. 
Dist't. 

Slight. 
Cons. 

0.40 

0.25 

7.00 
7.90 

2.65 

.0084 
.0286 

.0308 
.0400 

.0256 
.0330 

.0052 
.OOTO 

.0250 
.0400 

.0009 
.0028 

2.5 

2.7 

Odor,  faintly  vegetable, 
town. 


The  samples  were  collected  from  the  canal  at  the  jEtna  Mills,  Water- 


Microscopical  Examination. 

No.  6265.  Diatomaceas,  Synedra,  2;  Tabellaria,  3.  Cyanophycese,  Anabmia,  3;  Goelosphxrium, 
pr.  Algse,  Chlorococcus,  8.  AScfijiecZesmMS,  pr.;  Cozi/erwa,  pr. ;  Sorastrum,  pr.;  Eudorina,  \>r.;  Stau- 
rastruni,  pr.  Fungi,  Crenothrix,  35.  Infusoria,  Peridinium,  20.  Vermes,  Rotifer,  2.  Total  organ, 
isms,  73. 

No.  6295.    No  organisms. 


Water  Supply  or  Wayland. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Wayland  Water 

Works. 

[Parts  per  100,000.] 


Residue  ON 

Date  op 

Appearance. 

Evapora- 
tion. 

Ammonia. 

AS 

d 
0 

0 

1^ 

0 

Albuminoid. 

"i           -e 

s 

t 

1 

a- 

■a 
S 

a 

^ 

■3 

0%. 

0 

■3 

0           1  s 

a 
■g 

rt 

S 

■^ 

s 

y, 

3 

w 

3  0. 

j= 

ti 

C3 

*A 

0 

H 

Eh 

oc 

0 

H 

^ 

u 

H 

D 

CO 

Q 

2 

'A 

18;89. 

4766 

June   3 

June    4 

V.sl't. 

Slight. 

0.60 

5.15 

_ 

.0024 

.0174 

.0154 

.0020 

.25 

.0400 

.0001 

- 

4804 

June    7 

June    8 

Slight. 

Slight. 

0.80 

_ 

_ 

.0278 

.0176 

.0140 

.0036 

.27 

.0100 

.0004 

- 

4883 

June  28 

June  29 

Sliaht. 

Cons. 

0.80 

_ 

- 

.0116 

.0260 

.0234 

.0026 

_ 

- 

- 

- 

4884 

June  28 

June  29 

Dec'd. 

Heavy. 

0.40 

_ 

_ 

.0318 

.0208 

.0162 

.0046 

_ 

- 

- 

- 

5010 

Aug.    3 

Aug.    5 

Dec'd. 

Heavy. 

0.25 

- 

_ 

.0220 

.0170 

.0140 

.0030 

_ 

.0100 

.0002 

- 

5183 

Sept.  15 

Sept.  17 

Dec'd. 

Cons. 

0.50 

_ 

_ 

.0296 

.0172 

.0144 

.0028 

- 

.0020 

.0000 

- 

5270 

Oct.   16 

Oct.   17 

Dist't. 

Cons. 

0.50 

_ 

_ 

.0208 

.0168 

.0134 

.0034 

_ 

.0070 

.0001 

- 

5420 

Dec.    4 

Dec.    5 

V.sl't. 

Slight. 

0.05 

_ 

_ 

.0036 

.0064 

_ 

_ 

_ 

.0730 

.0000 

-■ 

5468 

Dec.  18 
18 

Dec.  21 
90. 

Slight. 

Cons. 

0.30 

~ 

~ 

.0182 

.0096 

.0064 

.0032 

~ 

.0220 
.0230 

.0000 
.0000 

5592 

Feb.    4 

Feb.     5 

Slight. 

Heavy. 

0.40 

_ 

_ 

.01.52 

.0078 

_ 

- 

_ 

5773 

Mar.  11 

Mar.  12 

Slight. 

Slight. 

0.60 

_ 

- 

.0146 

.0076 

- 

- 

.19 

.0110 

.0000 

- 

5957 

May    7 

May     8! 

Slight. 

Cons. 

0.30 

- 

- 

.0154 

.0114 

.0078 

.0036 

.20 

.0090  1.0001 

- 

6198 

July    8 

July  10 

Dec'd. 

V.h'y. 

0.20 

4.00 

- 

.0224 

.0200 

.0126 

.0074 

.14 

.0000   .0001 

1.8 

6569 

Oct.     7 

Oct.     8 

Dist't. 

Dec'd. 

0.45 

4.70 

_ 

.0136 

.0170 

.01.56 

.0014 

.21 

.01201.0001 

1.7 

6647 

Oct.   26 

Oct.  29 

Slight. 

Cons. 

0.70 

5.. 30 

_ 

.0108 

.0126 

.0110 

.0016 

.37 

.0500  .0002 

2.1 

6779 

Dec.    1 

Dec.    3 

Dist't. 

Heavy. 

0.60 

4.85 

- 

.0116 

.0118 

.0100 

.0018 

.27 
.23 

.0300  .0002 
.0211  .0001 

1.9 

Av. 

0.42 

4.80 

- 

.0175  -0138 

- 

- 

1  9 

1 

Odor,  generally  none,  occasionally  faintly  vegetable. The  samples  were  collected  from  a  faucet 

in  the  gate-house  supplied  from  the  filter-gallery. 
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TTAYLAIfD. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Sept. 


Day  of  examination, 
Number  of  sample,  . 


10 

4S04 


4884 


5 
5010 


17 
5183 


19 
5270 


23 

5468 


PLANTS. 
Diatomacese, 


Asterionella, 
Melosira, 
Synedra, 
TabeDaria,    . 


Algse.    Chlorococcus, 
Fungi.    Crenothrix, 


0 

0 

pr. 


pr. 
1 
0 
0 


0 
20,000 


0 
5,000' 


3,500*,  5,100 


0 
171 


ANIMALS. 
Infusoria.    Dinobryon, 

Crustacea.    Daphnia, ' 


Total  Organisms, 


20,008 


5,005 


3,521 


5,100 


171 


May.        July 


Day  of  examination. 
Number  of  sample,  . 

PLANTS. 
Diatomacese, 

Asterionella, 
Melosira, 
Synedra, 
Tabellaria,    . 

Algse.    Chlorococcus,  . 

Fungi.    Crenothrix,     . 

ANIMALS. 
Infusoria.    Dinobryon, 

Crustacea.    Daphnia, 
Total  Organisms, 


15 
5773 


10 

5957 


10 
6198 


30 
6647 


4 
6779 


0 
2,000' 


0 
200* 


900* 


0 
10,000'' 


3,028* 


0 
2,760 


0 
6,752 


239 
pr. 


2,000  200  910      10,000        3,297        2,854      6,784 


*  Estimated. 
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WAYLAJfD. 

Che^nical  Examination  of  Water  from  the  Storage  Reservoir  of  the 

Water  Works, 

[Parts  per  100,000.] 


Wayland 


Date  of 

Appearance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

d 

o 

a 
o 

Albuminoid. 

m 

u 

0) 

a 

3 

.2 

1  °* 

r 

S 

c 

.1 

■3 

o 
o 

o 

3 

> 

•a 

c 
o 

2 

1 

a 
1 

f^ 

O 

H 

H 

OJ 

O 

H 

J 

.b^ 

h* 

O 

cc 

CJ 

'A 

s 

^s 

89. 

4765 

June  3 

June   4 

Slight. 

Cons. 

1.50 

4.60 

2.20 

.0046 

.0424  .0316 

.0108 

.14 

.0060 

.0001 

- 

4805 

June   7 

June  8 

Slight. 

Cons. 

2.40 

- 

- 

.0003 

.0400  .0290 

.0110 

.18 

.0040 

.0002 

- 

4882 

June  28 

June  29 

Slight. 

Cons. 

1.20 

- 

- 

.0024 

.0396  .0276 

.0120 

- 

- 

- 

- 

5011 

Aug.   3 

Aug.  5 

Slight. 

Cons. 

1.80 

- 

- 

.0042 

.0408   .0382 

.0026 

- 

.0030 

.0001 

- 

5269 

Oct.  16 

Oct.  17 

V.sl't. 

Slight. 

1.40 

- 

- 

.0022 

.0296   .0284 

.0012 

- 

.0060 

.0001 

- 

5419 

Dec.    4 

Dec.    5 

V.sl't. 

V.sl't. 

0.70 

- 

- 

.0014 

.0198 

.0174 

.0024 

- 

.0180 

.0002 

- 

5469 

Dec.  18 
18 

Dec.  21 
90. 

V.sl't. 

Slight. 

0.30 

- 

.0034 

.0134 

.0114 

.0020 

- 

.0120 

.0001 

- 

5591 

Feb.    4 

Feb.    5 

V.sl't. 

V.sl't. 

0.70 

- 

- 

.0004 

.0148 

.0110 

.0038 

- 

.0200 

.0000 

- 

5774 

Mar.  11 

Mar.  12 

V.sl't. 

V.sl't. 

0.70 

- 

- 

.0000 

.0138 

.0104 

.0034 

.19 

.0100 

.0002 

- 

5958 

May    7 

May    8 

Slight. 

Slight. 

0.70 

- 

- 

.0044 

.0206 

.0164 

.0042 

.18 

.0050 

.0000 

- 

6199 

July    8 

July  10 

Dist't. 

H'vy. 

0.55 

3.80 

- 

.0006 

.0322 

.0220 

.0102 

.14 

.0030 

.0001 

1.7 

6511 

Sept.  14 

Sept.  16 

Slight. 

Cons. 

0.30 

4.65 

1.70 

.0048 

.0304 

.0210 

.0094 

.23 

.0050 

.0001 

2.2 

6646 

Oct.  26 

Oct.  29 

V.sl't. 

Slight. 

1.50 

5.45 

2.45 

.0008 

.0284 

.0228 

.0056 

.32 

.0090 

.0002 

2.1 

6778 

Dec.    1 

Dec.    3 

Slight. 

Slight. 

0.90 

5.45 

1.90 

.0036 

.0234 

.0202 

.0032 

.26 
.21 

.0250 

.0002 

1.6 

Av. 

0.98 

5.04 

2.06 

.0024 

.0268 

.0213 

.0055 

.0101 

.0001 

1  q 

Odor,  generally  faintly  vegetable,  increased  on  heating. The  samples  were  collected  from  the 

reservoir,  at  the  surface. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


June. 


Aug. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomaceae,    . 

Asterionella, 
Melosira, 
Navicula,     . 
Synedra, 
Tabellaria,  . 

Algae.    Cosmarium,     . 

Fungi.    Crenothrix,    . 


10 
4805 


4882 


5 
5011 


19 

5269 


7 
5419 


23 

5469 


pr. 
3 
0 

pr. 


pr. 


11 

4 
pr. 
1 
6 
0 

0 

pr. 
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WAYX,AlSrD. 

Microscojncal  Examinatio7i  —  Concluded. 

[Numbei-  of  organisms  per  cubic  centimeter.] 


1880. 

June. 

June. 

June. 

Aug. 

Oct. 

Dec. 

Dec. 

ANIMALS. 
Rhizopoda, 

Actinophrys 

Difflugia 

Infusoria, 

Ceratium, 

J)inobryon, 

Peridinium . 

Vermes, 

Polyarthra, 

Kotifer 

Crustacea.    Cyclops,       .  •     . 

Porifera.    Sponge  spicules, 

- 

0 

0 
0 

pr. 

0 

pr. 

pr. 

0 

0 
0 

0 

0 

0 

0 
0 

pr. 

0 
pr. 

0 

0 
0 
0 

0 
0 

0 

0 
0 

9 
0 
9 
0 

0 
0 
0 

0 

0 

0 

0 
0 

74 
0 

74 
0 

pr. 

pr. 

0 

pr. 

0 

0 

0 
0 

pr. 
0 
0 

pr. 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

Total  Organisms,       .... 

- 

28 

3 

44 

145 

8 

11 

May. 


July 


Sept. 


Day  of  examination. 
Number  of  sample, 


6 

5591 


15 
5774 


10 

5958 


10 
6199 


16 
6511 


30 
6646 


PLANTS. 


Diatomacese, 

Asterionella, 
Melosira,    . 
Navicula,   . 
Synedra,     . 
Tabellaria, 


Algse.    Cosmarium, 
Fungi.     Crenothris, 


168 

45 
0 
0 


228 

0 
208 


Rhizopoda, 

Actinophrys, 
Difflugia,    . 


Infusoria,  . 
Ceratium,  . 
Dinobryon, 
Peridinium, 


ANIMALS. 


Vermes, 


Polyarthra, 
Rotifer, 


Crustacea.    Cyclops,     . 
Porifera.    Sponge  spicules. 


pr. 
0 

0 
0 
0 


0 

0 

6,803 
0 

6,800 


0 
0 

977 

0 

976 

1 


Total  Organisms, 


178 


6,864 


1,052 
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Water  Supply  of  Webster. 


Chemical  Examination  of  Water  from  Lake  Chaubunagungatnaug ,  in  Webster. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 

EVAPORA- 

Ammonia. 

Nitrogen 

^ 

d 

Albuminoid. 

1 

c 

^ 

-d 

03 

0! 
3 

o 

1~  c 

3 

3 
■3 

73 

°  he 

<u 

■3 
'0 

■g 
3  P. 

0 

« 

'S 

c 
■a 

C3 

^ 

O 

S 

c-i 

03 

Q 

H 

.J 

f^ 

fH 

G 

V3 

0 

25 

25 

S 

18 

90. 

6587 

Oct.   13 

Oct.   14 

V.Bl't. 

Slight. 

0.02 

1.80 

0.65 

.0002 

.0144 

.0110 

.0034 

.18 

.0100 

.0001 

0.5 

Oilor,  none. The  sample  was  collected  from  the  lake  about  opposite  the  end  of  Thompson  Street, 

during  an  investigation  made  by  the  town  with  reference  to  an  independent  water  supply. 

Microscopical  Examination. 

Cyanophycese,  C7iroococOT.s,  37.    Algw,  Chlorococcus,  2;  Glceocystis,  ZZ.    Total  organisms,  72. 


Chemical  Examination  of  Water  from  Ramshorn  Pond,  in  Dudley. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Eesidue  on 
Evapora- 
tion. 

Ammonia. 

6 

c 

0 

Nitrogen 

AS 

c 

_o 

0 

a 

0 

.  « 

■S 
3 

1 
■3 

0 

a 

0 

.2 

CO  1— I 

0 

2 

Albuminoid. 

2 

5 

■5 
0 

■d 

> 

0 

"a 
1  c 

3  0. 

1 

!? 

0 

K 

H 

m 

0 

H 

kj 

t^ 

^ 

a 

05 

0 

iz; 

^ 

H 

18 

90. 

6588 

Oct.  13 

Oct.  14 

V.sl't. 

Slight. 

1.20 

4.15 

2.25 

.0014 

.0306 

.0254 

.0052 

.10 

.0100 

.0003 

0.6 

Odor,  none. The  sample  was  collected  from  the  pond,  which  is  also  known  as  Gore's  Pond  and 

Baker's  Pond,  and  is  situated  partly  in  Dudley  and  partly  in  Charlton.    The  sample  was  collected  dur- 
ing an  investigation  made  by  the  town  of  Webster  with  reference  to  an  independent  water  supply. 


Microscopical  Examination. 

T)\Aiora2i.cegd,  Aster ionella,^;  Melo.nra,Z2;  Mivicula,!;  Stephanodiscus,!;  Tabellaria,  ZZ.    Cyano- 
phycese,  Aphanocapsa,  1.    A  gee,  Baphidium,  4.    Porifera,  Sponge  spicules,  1.    Total  organisms,  81. 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE.  269 

TVEIiliESLEY. 

Water  Supply  of  Wellesley. 

Chemical  Examination  of  Water  from  the  Filter-basin  of  the   Wellesley   Water 

Works. 

[Parts  per  100,000.] 


Date  or 

Appearance. 

1 

Ammonia. 

Nitrogen 

AS 

a 

S 

.2 

S 

1 

u 

§1 

'3 
=  1 

o 

^ 

5 

B 

X 

QJ 

S 

03 

!?! 

u 

a 

Eh 

m 

o 

M 

Eh 

<! 

O 

!2i 

!2i 

a  - 

18 

90. 

6452 

Sept.  2 

Sept.  2 

None. 

None. 

0.00 

5.85 

.0002 

.0032 

.73 

.0400 

.0000 

4.0 

Odor,  none. The  sample  was  collected  from  the  filter-basin. 

Microscoincal  Examination. 

Rhizopoda,  Difflugia,  2. 

Gheviical  Examination  of  Water  from  Williams  Spring,  Wellesley  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

c 

Ammonia. 

Nitrogen 
as 

B 

3 

o 
o 

o 

■5 
3 
3 

1 

C 

o 

6 

o 

_o 

1 

0) 

c 
V 
3 

iz; 

O. 

a 

H 

OJ 

U 

« 

EtH  ■ 

^ 

CJ 

iz; 

!zi 

S 

18 

90. 

6451 

Sept.  2 

Sept.  2 

None. 

None. 

0.0 

6.15 

.0002 

.0052 

.73 

.1000 

.0001 

4.3 

Odor,  none. The  sample  was  collected  from  the  spring. 

Microscopical  Examination. 

Diatomacese,  Navicula,  pr.     Algae,  Ghlorococcus,  2. 

Note.  —  For  analyses  of  water  from  Waban  Lake  in  Wellesley  at  various  depths  in  August,  1SS9, 
see  special  report  on  Water  Supply  aud  Sewerage,  1890,  Part  I.,  p.  766. 


Water  Supply  of  Westborough. 

Chemical  Examination  of  Water  from  the  Upper  Basin,  Sandra  Pond,  West- 
borough, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Rk^idubon 
Evapora- 
tion. 

Ammonia. 

o 

Nitrogen 

AS 

a 
o 

c 
o 

\  2 
3'" 

03 

S 

1 

o 

o 

a 

o 

0& 

Albuminoid. 

1 

a 

"3 

■a 

> 

•d 

■S 

1  c 

i 

-3 

*A 

CJ 

H 

B 

ca 

o 

H 

J 

Em 

H 

Q 

CO 

U 

»5 

iz; 

83 

18 

90. 

6849 

Dec.  22 

Pec.  24 

Slight. 

Slight. 

0.20 

2.65 

0.85 

.0006 

.0236 

.0182 

.0054 

.20 

.0700 

.0001 

0.9 

Odor,  none. The  sample  was  collected  from  the  upper  basin,  near  the  gate-house,  at  the  surface. 

The  pond  was  covered  with  ice  at  the  time  the  sample  was  collected. 

Microscopical  Examination. 

Diatomaceae,  Zoospores,  pr.    Rhizopoda,  Difflugia,  pr.    Infusoria,  Dinobryon,  118;   Feridinium, 
58,    Total  organisms,  176. 
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TVESTBOROUGH. 

Chemical  Examination  of  Water  from  the  Lower  Basiii,  Sandra  Pond,  West- 
borough. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  ON 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

c 

A 

Albuminoid. 

s 

3 
1 

3 

1 

o 

t 

|§) 

6 

t 

■a 

> 

■o 

•a 
1  ^ 

o 

S 

'C 

1 

!Z 

o 

W 

H 

03 

U 

e 

►.:i 

^ 

^ 

a 

CO 

CJ 

!z; 

^i 

s 

18 

»0. 

6850 

Dec.  22 

Dec.  24 

Dist'ly  Cons, 
milky. 

0.05 

3.50 

0.65 

.0018 

.0118 

.0076 

.0042 

.19 

.0500  .0001 

1.7 

Odor,  none. The  sample  was   collected  from  the   lower  basin  at  Sandra   Pond,  Westborough, 

near  the  gatehouse.    This  basin  was  only  partially  covered  with  ice  at  the  time. 

Microscopical  Examination. 

Algse,  Closterium,  12;  Zoospores,  4.    Infusoria,  Peridinium,  7.    Total  organisms,  23. 


Chemical  Examination  of  Water  from  a  Faucet  in  Westborough  supplied  from  the 

Westborough  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kk.sidck  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

d 

o 

c 

C2 

i" 

-^ 

.§ 

Albuminoid. 

1        "O 

1      J' 

•d 

Sg 

s 

o 

C3 

3 

a 

o 

■5 

°5) 

<.; 

"3 

o 

"5 

o 

fS 

s 

Ly 

'A 

O 

H 

tH 

(B 

u 

H 

►^ 

fe< 

E-i 

a 

"^ 

C 

!^ 

^5 

K 

18 

90. 

6851 

Dec.  22 

Dec.  24 

Slight. 

Slight. 

0.30 

2.80 

0.95 

.0002 

.0188 

.0164 

.0024 

.24 

.0600  .0001 

0.9 

The  sample  was  collected  from  a  faucet  in  the  village,  near  the  railroad  station. 

Microscopical  Examination. 

Diatomacese,  5j/«6dra,  pr.    A.\^?a,  Closterium,  VI.    Infusoria,  J/bwas,  pr. ;  Peridinium,!.    Vermes, 
Anurea,  3;  Poiyarthra,  pr.    Total  organisms,  16. 

Chemical  Examinatio7i  of  Water  from  Chauncy  Pond,  in  Westborough. 

[Parts  per  100,000.] 


Kesidueon 

Date  of 

Appearance. 

Evapora- 
tion. 

Ammonia. 

o 

AS 

c 

5 
a 

3 

a 

^ 

c 

Albuminoid. 

1 

s 

+J 

u 

■6 
> 

■d 
>  S 

ii 

§ 

1-! 

H 

3 
o 

o 
H 

o 
1-^ 

o 

£ 

CO 

g 

!? 

05 

18  90. 

6848 

Dec.  22   Dec.  24 

Slight. 

Cons. 

0.60 

4.25 

1.90 

.0098 

.0302 

.0264 

.0088 

.30 

.0700 

.0001 

2.1 

Odor,  faintly  vegetable. The  sample  was  collected  from  the  pond,  near  its  southerly  end. 

Microscopical  Examination. 

DiBitomeicese,  Asierionella,  6;  Nitzchia,  35;  Stephanodisr.us,  100;  Synedra,  38;  Tabellaria,  748; 
Striatella,  6.  Cyanophyceas,  Anabmna,  5;  Clathrocystis,  6;  Chroococcus,  13.  Algse,  Co7i/erva,  14; 
BapMdimn,  bi:-,  Scenedesmus,  2;  Siaurastrum,  pr  ;  Stanrogenia,  pr. ;  Zoospores,  38.  Fungi,  Micro- 
coccus. 700.  Rhizopoda,  Difflugia,  pr.;  Actinopfirys,  1.  Infusoria,  Monaa,  40;  Peridinium,  1. 
Vermes,  Anurea,  pr.    Crustacea,  Cyclops,  pr.    Total  organisms,  1,813. 
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avest  springfield. 

Water    Supply    of    West    Springfield.  —  West    Springfield 
Aqueduct   Company. 

Chemical  Examination  of  Water  from,  a  Faucet  in  West  Springfield  supplied  from 
the  Works  of  the  West  Springfield  Aqueduct  Company. 

[Parts  per  100,000.] 


1 

Residue  on 

Date  op 

Appearance.        | 

KVAPORA- 

Ammonia. 

TION-. 

a 

..: 

Albuminoid. 

a 

o 

1  5 

OS 

S 

1 

c 

•3 

6 

■3 

■2 

> 
0 

■a 

0! 
C 

0 

1.1 

*fc- 

■3 

•^ 

O 

u 

H 

CO 

o 

H 

►J 

U^ 

H 

Q 

m 

u 

Zi 

Zi 

9 

18 

90. 

1 

6280 

July  22 

July  23 

Dec'd. 

Slight, 
green. 

0.10 

5.00 

.0014 

.0540, 

.0248 

.0292 

.16 

.0000 

.0003 

1.9 

Odor,  decidedly  vegetable  and  grassy. The  sample  was  collected  from  a  faucet  in  the  second 

house  oa  the  pipe  line  below  the  reservoir.    The  reservoir  was  giving  trouble  at  this  time,  on  account  of 
the  bad  taste  and  odor  of  the  water. 

Microscopical  Examination, 

Diatomacese,  iVaBJcwfa,  1 ;  Synedra,29;  Tabellaria,\.  Cyanophyceae,  JpAanocapsff,  1,040.*  Algse, 
Ghroococcus,  26;  Nephrocytium,  2.  Infusoria,  Peridiniuni,  38;  Trachelomonas ,  6.  Vermes,  Anurea, 
1.     Total  organisms,  1,144. 

*  Estimated. 


Water  Supply  of  Weymouth. 

Chemical  Examination  of  Water  from  Oreat  Pond,  in  Weymouth, 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

c 
0 

0 

^ 

^ 

Albuminoid. 

■d 

■a 

i 

a 

g 

a- 

S 

a 

t^ 

"3 

feg, 

flj 

■i 

> 
0 

■a 
1  ^ 

c 

0 

2 

s 

■3 

3 

« 

2 

u 

■R 

to 

sa 

■p 

.« 

C3 

'A 

0 

a 

H 

m 

0 

H 

iJ 

fe 

E-i 

a 

tc 

y 

2 

21 

K 

IS 

89. 

4923 

July    8 

July  10 

V.sl't. 

Cons. 

1.40 

- 

- 

.0000 

.0230 

.0220 

.0010 

~ 

.0040 

.0000 

~ 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  pumping-station,  while  pumping. 

Microscopical  Examination. 

Diatoraaceae,  ^ptiAemia,  pr.;  3felosira,  l;  SicrireUa,  yr.;  Synedra,  fv.    Algce,   Chlorococcus,  15; 
MerUmopedia,  15.    Fungi,  Crenothrix,  9.    Total  organisms,  40. 
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TVHITMAIS^. 


Watee  Supply  of  Whitman. 


Chemical  Examinatmi  of  Water  from  the  Filter-gallery  of  the  Whitman  Water 

Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residce  on 
Evapora- 
tion. 

Ammonia. 

3 

Nitrogen 

AS 

1         e 

■3 
3 

3 

a 

.1 
■3 

03 

o 
o 

"3 

■    S 
c  to 

1 

6 

Albuminoid. 

1 

a 

'A 

o 

o 

o 

5 

o 
E-i 

> 
o 

S 

•6 
1^ 

a 
■p 

18 

80. 

4792 

June    6 

June   7 

Dec'd. 

Slight. 

0.70 

- 

- 

.0154 

.0206 

.0180 

.0026 

.57 

.0200 

.0004 

- 

4937 

July  11 

July  15 

Dec'd. 

Cons. 

0.50 

- 

- 

.0180 

.0210 

.0178 

.0032 

.68 

.0050 

.0002 

- 

5054 

Aug.  13 

Aug.  14 

Dec'd. 

Slight. 

0.40 

- 

- 

.0186 

.0192 

- 

- 

.61 

.0060 

.0010 

- 

5166 

Sept.  11 

Sept.  12 

Dec'd. 

Slight. 

0..55 

- 

- 

.0226 

.0236 

.0200 

.0036 

.66 

.0030 

.0013 

- 

5256 

Oct.   15 

Oct.  16 

Slight. 

V.sl't. 

0.00 

- 

- 

.0076 

.0100 

.0100 

.0000 

.72 

.0150 

.0002 

- 

5349 

iSTov.  13 

Nov.  14 

Slight. 

V.  sl't. 

0.10 

- 

- 

.0024 

.0052 

- 

- 

.78 

.0230 

.0001 

- 

5429 

Dec.  10 
18 

Dec.  11 
»0. 

Dist't. 

V.sl't. 

0.05 

- 

- 

.0010 

.0100 

- 

- 

.75 

.0250 

.0001 

- 

5516 

Jan.     8 

Jan.    9 

Slight. 

V.sl't. 

0.00 

- 

- 

.0002 

.0054 

- 

- 

.69 

.0180  |. 0000 

- 

5622 

Feb.  11 

Feb.  12 

Dist't. 

V.sl't. 

0.10 

- 

- 

.0006 

.0054 

.0040 

.0014 

.72 

.0250 

.0000 

- 

5758 

Mar.  10 

Mar.  11 

Slight. 

None. 

0.10 

- 

- 

.0006 

.0044 

.0032 

.0012 

.69 

.0250 

.0000 

- 

5863 

Apr.    9 

Apr.  10 

V.sl't. 

None. 

0.05 

- 

- 

.0028 

.0068 

.0060 

.0008 

.68 

.0120 

.0001 

- 

6969 

May  13 

May  14 

Dist't. 

V.sl't. 

0.30 

~ 

- 

.0058 

.0136 

- 

- 

.61 

.0090 

.0001 

- 

6080 

June  17 

June  18 

Dec'd. 

Slight. 

0.50 

- 

- 

.0076 

.0138 

- 

- 

.59 

.0050 

.0002 

1.8 

6214 

July  14 

July  15 

Dist't. 

Cons. 

0.70 

5.70 

- 

.0022 

.0420 

.0306 

.0114 

.58 

.0010 

.0000 

2.1 

6408 

Aug  14 

Aug.  15 

Slight. 

Cons. 

0.45 

5.75 

-. 

.0054 

.0322 

.0270 

.0052 

.73 

.0020 

.0003 

1.9 

6607 

Oct.  15 

Oct.   16 

Dist't. 

Slight. 

0.00 

5.55 

- 

.0116 

.0108 

.0072 

.0036 

.67 

.0080 

.0002 

2.3 

6736 

Nov.  17 

Nov.  18 

Dist't. 

V.sl't. 

0.15 

5.90 

- 

.0072 

.0060 

- 

- 

.79 

.0300 

.0001 

2.2 

6840 

Dec.  19 

Dec.  19 

V.sl't. 

Slight. 

0.40 

6.20 

- 

.0036 

.0158 

.0130 

.0028 

.97 
.69 

.0600 

.0001 

2.3 

Av. 

0.28 

5.82 

- 

.0074 

.0148 

- 

- 

.0162 

.0002 

?,1 

Odor,  generally  faintly  vegetable,  frequently  none. The  samples  were  collected  from  the  filter. 

gallery.    At  the  time  of  collecting  samples  6214  and  6408  water  was  being  admitted  to  the  filter-gallery 
from  the  pond,  as  the  supply  from  the  filter-gallery  alone  was  insufficient  for  the  use  of  the  town. 
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WHITMAZSr. 

Microscopical  Examination, 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample,  . 


10 

4792 


Aug. 


4937       5054 


Sept. 


12 
5166 


17 
5256 


16 

5349 


11 

5429 


5516 


PLANTS. 

Diatomacese,     .       .       .       . 

Asterionella,        .        .        .        . 
Synedra 

Cyanophycese.  Chroococcus, 

Algee, 

Chlorococcus,      .        ,        .        . 

Budorina, 

Staurastrum,        .        . 

Fungi.     Crenothrix,     . 

ANIMALS. 

Infusoria, 

Diuobryon 

Peridinium,          .        .        .         . 
Trachelomonas 

Vermes, 

Anurea,         .        .        .         .        . 

Monocerca, 

Rotifer 

Porifera.    Sponge  spicules, 
Total  Organisms,  . 


9 

0 

pr. 


124 


232 


0 

2 

pr. 


pr. 
0 
0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18 


1890. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

12 

11 

14 

18 

15 

18 

17 

21 

22 

Number  of  sample,  .... 

5758 

5863 

5969 

6080 

6214 

6408 

6607 

6736 

6S40 

PLANTS. 

Diatomacese,      .... 

0 

0 

4 

0 

144 

4 

0 

0 

2 

Asterionella 

Synedra, 

0 
0 

0 
0 

1 
3 

0 
0 

44 
100 

0 
4 

0 
0 

0 
0 

0 
2 

Cyanophycese.     Chrooeoccus, 

0 

0 

0 

0 

48 

0 

5 

0 

0 

Algse 

0 

0 

0 

0 

88 

20 

0 

0 

0 

Chlorococcus,        .... 

Eudorina, 

Staurastrum,         .... 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

64 
14 
10 

20 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Fungi.    Crenothrix,     . 

5 

0 

9 

40* 

66 

24 

0 

0 

42 

*  Estimated. 
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T7HITMAN. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Infusoria, 

0 

0 

0 

0 

16 

0 

pr. 

0 

21 

Dinobryon,   ..... 

Peridinium, 

Trachelomonas,   .... 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

4 

12 

0 
0 
0 

0 

0 

pr. 

0 
0 
0 

21 
0 
0 

Vermes, 

0 

0 

0 

0 

16 

2 

0 

0 

0 

Auurea, 

Monocerca, 

Rotifer, 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

8 
4 
4 

2 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Porifera.    Sponge  spicules, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Organisms, 

5 

0 

13 

40 

378 

50 

5 

0 

6.5 

Chemical  Examination  of  Water  from  EobarVs  Po7id,  in  Whitman. 

[Parts  per  100,000.] 


Date  op 

Appeaeance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

a 

a 

o 

c 
o 

Albuminoid. 

• 

• 

a 

3 

a- 

■d 

■-2 

a 

o 

3 

o 

CD 

3 

> 
o 

-a 
■  s 

S  p. 

•s 

o 

s 

1 

03 

.^ 

u 

w 

^ 

m 

u 

&H 

yA 

&H 

^ 

fl 

to 

o 

^ 

*A 

» 

18 

89. 

4791 

June    6 

June    7 

Dist't. 

Cons. 

1.30 

_ 

_ 

.0036 

.0540 

.0446 

.0094 

.54 

.0040 

.0002 

_ 

4931 

July  10 

July  11 

Sligbt. 

Cons. 

1.10 

- 

- 

.0044 

.0520 

.0438 

.0082 

.61 

.0020 

.0000 

_ 

5055|  Aug.  13 

Aug.  14 

Slight. 

Cons. 

1.00 

- 

- 

.0042 

.0476 

.0340 

.0136 

.64 

.0020 

.0001 

_ 

5167 

Sept.  11 

Sept.  12 

V.sl't. 

Slight. 

1.10 

- 

- 

.0044 

.0484 

.0400 

.0084 

.68 

.0030 

.0000 

_ 

5255 

Oct.    15 

Oct.   16 

v.srt. 

Slight. 

0.90 

- 

- 

.0028 

.0318 

.0274 

.0044 

.88 

.0030 

.0001 

_ 

5348 

Nov.  13 

Nov.  14 

Slight.!  Slight. 

1.00 

- 

- 

.0046 

.0286 

.0256 

.0030 

.90 

.0060 

.0002 

_ 

5428 

Dec.  10 
18 

Dec.  11 
90. 

V.sl't. 

Slight. 

0.90 

" 

" 

.0042 

.0262 

.0238 

.0024 

.77 

.0150 

.0002 

■" 

5515 

Jan.     8 

Jan.     9 

Slight. 

Slight. 

0.50 

_ 

_ 

.0020 

.0216 

.0182 

.0034 

.76 

.0240 

.0001 

_ 

56'28 

Feb.  11 

Feb.  12 

Dist't. 

Slight. 

0.50 

_ 

- 

.0004 

.0284 

.0178 

.0106 

.74 

.0250 

.0001 

_ 

5757 

Mar.  10 

Mar.  11 

V.sl't.i  V.sl't. 

0.55 

_ 

- 

.0002 

.0274 

.0206 

.0068 

.74 

.0200 

.0002 

_ 

5862 

Apr.    9 

Apr.  10 

Slight. 1  Cons. 

0.40 

- 

- 

.0028 

.0240 

.0202 

.0038 

..55 

.0150 

.0001 

_ 

5968 

May  13 

May  14 

Slight. 

Slight. 

1.00 

- 

- 

.0058 

.0296 

.0264 

.0032 

.45 

.0090 

.0001 

_ 

6079 

June  17 

June  18 

Slight. 

Slight. 

0.90 

_ 

_ 

.0054 

.0372 

.0342 

.0030 

.48 

.0150 

.0001 

1.7 

6213 

July  14 

July  15 

Di-t't. 

Cons. 

0.70 

5.95 

_ 

.0008 

.0412 

.0340 

.0072 

.58 

.0000 

.0000 

2.3 

6407 

Aug.  14 

Aug.  15 

Dist't. 

Cons., 
rusty. 

0.45 

5.85 

2.75 

.0014 

.0508 

.0332 

.0176 

.67 

i 

.0020 

.0002 

2.5 

6608 

Oct.   15 

Oct.  16 

V.sl't. 

Shght. 

0.90 

6.30 

2.00 

.0018 

.0380 

.0322 

.0058 

.72' 

.0250 

.0006 

1.8 

6735 

Nov.  17 

Nov.  18 

Slight.  Cons. 

0.90 

5.75 

2.10 

.0050 

.0316 

.0268 

.0048 

.89' 

.0180 

.0001 

1.8 

6839 

Dec.  19 

Dec.  19 

Dist't. 

Slight. 

0.50 

6.55 

3.30 

.0038 

.0210 

.0186 

.0024 

1.00 

.,0 

.0520 

.0003 

2.1 

Av. 

0.81 

6.11 

2.54 

.0032 

.0355 

.0289 

.0066 

.0133 

.0001 

2.0 

Odor,  vegetable,  when  heated  frequently  disagreeable. 
pond,  near  the  surface. 


■  The  samples  were  collected  froip  the 
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WHITMAlSr. 

Microscopical  Examination, 

[iSTumber  of  organisms  per  cubic  centimeter] 


Day  of  examination, 
Number  of  sample,  . 


July. 


11 
4931 


14 
5055 


Sept. 


12 

5167 


Oct. 


17 

5255 


13 

5348 


11 

5428 


9 
5515 


PLANTS. 
Diatomacese,     . 


Asterinnella, 

Mel  'sira, 

Navicula, 

Nitzchia, 

Synedra, 

Tabellaria, 


Algae, 


Chlorococcus, 

Oosraarium, 

Eudorina, 

Raphidium, . 

Scenedesmus, 

Staurastrum, 


Fungi, 


Crenotlirix, 
Leptothrix, 


0 
0 
0 
0 
pr. 


pr. 
0 
0 
4 
2 


124 

111 

2 
5 
0 
0 


26 


0 

0 

pr. 


pr. 


ANIMALS. 
Infusoria,    . 


Ciliated  infusori.in, 

Dinobryon,  . 

Euglena, 

Monns, . 

Peridinium, 

Phacus, 

Synura, 

Tintiunidium, 

Trachelomonas, 


Vermes, 

Annrea, 
Monocerca,  . 
Polyartiira,  . 
lioiatorian  ova. 


Crustacea.    Cyclops, 


pr. 


pr. 
0 
0 
5 

pr. 
2 
0 
2 


4 

0 

pr. 


56 

0 

40 
0 
0 
pr. 
2 
0 
0 

14 


pr. 
1 

2 


305 

0 
305 
0 
0 
0 
0 
pr. 
0 
0 


170 

0 
168 
0 
0 
0 
0 
2 
0 
0 


26 


0 
0 
pr. 
0 
0 
0 
0 


Total  Organisms, 


168 


48 


276 


STATE  BOAED  OF  HEALTH.  [Pub.  Doc. 


Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample,  . 


Mar.      April. 


12 

5757 


11 

5862 


May. 


14 

5968 


tine. 

July. 

Aug. 

Oct. 

Nov. 

18 

15 

18 

17 

21 

6079 

6213 

6407 

6608 

6735 

PLANTS. 
Diatomacese, 


-Asterionella, 

Melosira, 

Naviciila, 

Nitzchia, 

Synedra, 

Tabellaria,    . 


Algge, 


Chlorococcus, 
Cosmarium, . 
Eudorina, 
Kaphidium,  . 
Scenedesmus, 
Staurastrum, 


Fungi, 


Crenothrix, 
Leptothrix, 


pr. 

0 

0 

pr. 


17 

pr. 

1 

552 

688 

0 

143 

8 

pr. 

0 

12 

0 

0 

0 

0 

0 

0 

0 

4 

0 

5 

0 

0 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

0 

12 

9 

0 

1 

540 

656 

0 

74 

0 

0 

0 

0 

28 

0 

28 

4 

0 

2 

984 

152 

pr. 

pr. 

4 

0 

2 

944 

100 

0 

0 

0 

0 

0 

0 

10 

0 

pr. 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

0 

2 

6 

0 

6 

0 

0 

0 

12 

36 

pr. 

pr. 

7 

9 

7 

2 

0 

34 

120 

7 

7 

7 

2 

0 

34 

120 

0 

2 

0 

0 

0 

0 

0 

5 

6 

19 

38 

38 

39 

6 

0 

0 

0 

0 

0 

0 

0 

0 

5 

pr. 

0 

0 

39 

2 

0 

0 

0 

0 

6 

0 

0 

0 

0 

9. 

0 

0 

0 

2 

3 

1 

0 

24 

4 

0 

1 

0 

0 

0 

0 

.  14 

0 

0 

2 

0 

10 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

pr. 

0 

0 

10 

14 

pr. 

1 

0 

pr. 

0 

8 

4 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

pr. 

33 

15 

29 

1,584 

888 

73 

269 

ANIMALS. 
Infusoria,     . 


Ciliated  infusorian, 

Dinobryon, 

Euglena, 

Modus,  . 

Peridinium, 

Phacus, 

Synura, 

Tintinnidium, 

Trachelomonas, 


Vermes, 

Anurea, 
Monoceroa,   . 
Polyarthra,    . 
Rotatorian  ova, 


Crustacea.    Cyclops, 


Total  Organisms, 


No.  34.]       WATER  SUPPLY  AND  SEWEEAGE. 


277 


WI  LL,I  AMSTOTVlSr . 

Water   Supply  of  Williamstown.  —  Willi amstown   Aqueduct 

Company. 

Chemical  Examination  of  Water  from  Cold  Spring,  Williamstown. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

s 

Ammonia. 

Nitrogen 

AS 

s 

3 

3 
1 

S 
I  '*^ 

S  3 
C3.S 

1 

o 

<u 

o 
c 

o 

3 

1 

C3 

2h 

Q 

H 

H 

tc 

O 

M      " 

Eh 

<j 

u 

2 

S 

18 

00. 

6363 

Aug.    5 

Aug.    6 

None. 

None. 

0.00 

14.20 

.0000 

.0012 

.05 

.0500 

.0001 

14.0 

Odor,  none. The  sample  was  collected  from  the  spring  originally  used  by  the  Williamstown 

Aqueduct  Company. 

Microscopical  Examination. 

Diatomaceae,  Synedra,  2.    Algae,  Chlorococcus ,  4. 

Water  Supply  or  Winchester. 

Chemical  Examination  from  a  Faucet  in  Winchester  supplied  from  the  Winchester 

Water  Works* 


[Parts  per  100,000.] 


Residue  ON 

Date  of 

Appearance. 

Evapora- 
tion. 

Ammonia. 

a 

AS 

o 

a 
o 

^ 

1 

o 

Albuminoid. 

u 

•a 

TJ 

s 

1 

o 

1" 

•a 

■•s 

3 

a 

03 

u 

o 

O 

3 

o 

1 

B 

o 
H 

o 

3 

1  c 

3  S, 
CO 

'u 
o 
a 

1 

% 

■2 

03 

18 

89. 

4770 

June   4 

June    4 

Slight. 

Slight. 

0.15 

_ 

_ 

.0012 

.0204 

.01,58 

.0046 

.48 

.0150 

.0003 

- 

4814 

June  11 

June  12 

Dist't. 

Cons. 

0.05 

- 

- 

.0018 

.0274 

.0202 

.0072 

- 

.0050 

.0001 

- 

4901 

July    2 

July    2 

Dist't. 

Cons. 

.0.05 

- 

- 

.0010 

.0258 

.0200 

.0058 

- 

.0050 

.0000 

- 

5036 

Aug.   6 

Aug.    7 

V.sl't. 

Slight. 

0.00 

_ 

- 

.0002 

.0192 

.0168 

.0024 

- 

.0040 

.0000 

- 

5143 

Sept.   4 

Sept.  5 

Slight. 

V.sl't. 

0.10 

- 

- 

.0002 

.0216 

.0182 

.0034 

- 

.0020 

.0001 

- 

5225 

Oct.     3 

Oct.     4 

V.sl't. 

V.sl't. 

0.30 

- 

_ 

.0036 

.0228 

.0194 

.0034 

- 

.0060  1.0001 

- 

5313 

Nov.    6 

Nov.    6 

V.sl't. 

V.sl't. 

0.25 

_ 

_ 

.0036 

.0178 

.0146  1.0032 

- 

.0180 

.0007 

- 

5405 

Dec.    3 
18 

Dec.    4 
90. 

Dist't. 

Cons. 

0.10 

~ 

~ 

.0024 

.0222 

.0184 

.0038 

" 

.0140 

.0004 

5498 

Jan.    3 

Jan.    3 

Slight. 

V.  sl't. 

0.05 

_ 

_ 

.0020 

.0174 

.0140 

.0034 

- 

.0200 

.0001 

- 

5600 

Feb.     5 

Feb.    7 

Slight. 

Slight. 

0.35 

- 

_ 

.0028 

.0144 

.ons 

.0026 

- 

.0200  .0006 

- 

5739 

Mar.    4 

Mar.    5 

Dist't. 

Cons. 

0.10 

_ 

_ 

.0002 

.0182 

.0152 

.0030 

.55 

.0150  .0002 

- 

5853 

Apr.    7 

Apr.    8 

V.sl't. 

Slight, 
rusty. 

0.05 

- 

- 

.0016 

.0186 

.0130 

.0056 

.53 

.0250 

.0001 

- 

5943 

May     5 

May    5 

Slight. 

Slight. 

0.03 

- 

_ 

.0024 

.0228 

.0128 

.0100 

.47 

.0150 

.0002 

- 

6030 

June    3 

June  3 

Slight. 

Slight. 

0.10 

5.10 

1.35 

.0020 

.0192 

.0136 

.0056 

.54 

.0050 

.0001 

2.6 

6146 

July    1 

July    1 

Dist't. 

Cons. 

0.05 

5.85 

_ 

.0014 

.0190 

.0158 

.0032 

.50 

.0035  !. 0000 

2.7 

6336 

Aug.   4 

Aug.   4 

V.sl't. 

V.sl't. 

0.00 

5.35 

1.35 

.0026 

.0226 

.0180  1.0046 

.52 

.0130  .0001 

2.8 

6468 

Sept.   3 

Sept.  3 

Slight.!  Slight. 

0.10 

5.20 

1.30 

.0018 

.0242 

.0212. 0030 

.53 

.0125   .0000 

- 

6564  j  Oct.     6 

Oct.     7 

Slight. 

Slight. 

0.08 

5.10 

1.10 

.0004 

.0252 

.01861.0066 

..50 

.0150   .0001 

2.5 

6688 

Nov.    4 

Nov.    5 

V.sl't. 

V.sl't. 

0.10 

5.. 50 

1.40 

.0018 

.0172  .0170  1.0002 

.55 

.0-200   .0001 

2.7 

6777 

Dec.    2 

Dec.    3 

Slight. 

V.sl't. 

0.10 

5.55 

1.35 

.0012 

.0228 

.0212 

.0016 

.54 
.52 

.0200 

.0003 

3.0 

Av 

0.11 

5.30 

1.31 

.0017 

.0208 

.0167 

.0041 

0128 

.0002 

2,7 

Odor,  generally  vegetable,  sometimes  unpleasant,  particularly  when  heated. The  samples  were 

collected  from  a  faucet  in  the  village. 


*  See  also  page  279. 
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WINCHESTER. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Day  of  examination,    .... 

- 

12 

3 

7 

7 

5 

7 

4 

4 

8 

Number  of  sample 

4770 

4814 

4901 

5036 

5143 

5225 

5313 

5405 

5498 

5600 

PLANTS. 

Diatomacese 

- 

1 

3 

24 

104 

101 

448 

757 

647 

571 

Asterionella 

Stephanodiscus,       .... 

Synedra 

Tabellaria, 

- 

0 

0 

pr. 

0 
0 
0 
3 

0 

0 

0 

24 

28 
76 

44 
1 
0 

56 

294 
6 
2 

146 

694 
19 

1 
43 

626 
16 
0 

540 
17 

pr. 
14 

Cyanopliycese,      .... 

- 

pp. 

325 

0 

79 

4 

1 

1 

0 

0 

Anabsena, 

Aphanocapsa 

Chroococcus 

Ocelosphaerium,        .... 

- 

0 

0 

0 

pr. 

0 

26 

293 

6 

0 
0 
0 
0 

0 
75 
0 

4 

2 
0 

0 

2 

0 
0 
0 

1 

0 
0 
0 

1 

0 
0 
0 
0 

0 
0 
0 
0 

Algae,  .       .       .    '  . 

- 

55 

47 

9 

13 

0 

16 

0 

4 

3 

Chlorococcus, 

CcElasirum, 

- 

55 
0 

47 
0 

9 
0 

13 

0 

0 

0 

16 
0 

0 
0 

4 
0 

3 
0 

ANIMALS. 

Infusoria,        ..... 

- 

0 

0 

351 

115 

23 

0 

2 

8 

32 

Ciliated  infusorian, . 

Diuobryon 

Peridinium 

Trachelomonas,       .... 

; 

0 
0 
0 
0 

0 
0 
0 
0 

0 

351 

0 

0 

0 
114 

1 
pr. 

0 

16 

2 

5 

0 
0 
0 
0 

0 
2 
0 
0 

0 
8 
0 
0 

0 

32 

0 

0 

Vermes.    Anurea,  .... 

- 

0 

0 

0 

0 

0 

0 

0 

pr. 

pr. 

Porifera.    Sponge  spicules,     . 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 

56 

375 

384 

311 

128 

465 

760 

659 

606 

1890. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,      .... 

5 

8 

6 

5 

2 

5 

3 

7 

5 

3 

Number  of  sample,       .... 

5739 

5853 

5943 

6030 

6146 

6336 

6468 

6564 

6688 

6777 

PLANTS. 

Diatomacese,  ..... 

297 

473 

166 

247 

16 

4 

0 

0 

27 

128 

Asterionella 

Stephanodiscus,        .... 

Synedra, 

Tabellaria, 

280 

13 

1 

3 

425 

30 

6 

12 

54 
68 

:9 

25 

71 

169 

1 

6 

0 

11 

5 
0 

0 
2 
2 
0 

0 
0 
0 
0 

0 
0 
0 
0 

17 
6 
4 
0 

62 

60 

6 

0 

No.  34.] 


WATER  SUPPLY  AND  SEWERAGE.  279 

TVINCHESTER. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


May. 


July. 


Sept. 


PLANTS  — Con. 

Cyanophycese, 

Anabcena, 
Aphanocapsa,  . 
Chroococcus,     . 
Coelosphserium, 

AlgEe, 

Chlorococcus,    . 
Coelastrum, 

ANIMALS. 

Infusoria, 

Ciliated  infusorian,  . 
Dinobryon, 
Peridiniura, 
Tracheloraonas, 

Vermes.    Anurea,    . 

Porifera.    Sponge  spicules, 


pr. 
0 
0 


0 
0 
0 
0 

192 
144 


0 
0 

0 
4 

2,212 

2,148 

64 


pr. 

19 
0 
0 

0 

0 


196 

0 
196 

0 
pr. 

0 

0 


356 
0 

353 
0 
3 

0 

1 


pr. 


pr. 
pr. 


ToTAi,  Oeganisms,     . 


47 


437 


Chemical  Examination  of  Water  from  the  WiJichester  Water  Works   in  June, 

1889* 

[Parts  per  100,000.] 


Date  of 

Appkarance. 

RESIDtTE  ON 

Evapora- 
tion. 

s 

a 

3 

S5 

a 

o 

o 
Q 

6J 

s 

a 

CO 

o 

8 

"3 

o 

1 
1 

4825 

18 

June  12 

89. 

June  13 

Slight. 

Cons. 

0.15 

_ 

_ 

48*6 

June  12 

June  13 

Slight. 

Cons. 

0.05 

- 

- 

4827 

June  12 

June  13 

Slight. 

Slight. 

0.05 

- 

- 

4854 

June  19 

June  20 

Slight. 

[Slight. 

0.05 

- 

- 

4855 

June  19 

June  20 

Dist't. 

Slight. 

0.05 

- 

- 

4856 

June  19 

June  20 

Slight. 

V.sl't. 

0.05 

- 

- 

4876 

June  25 

June  26 

Dist't. 

Cons. 

0.05 

- 

- 

4877 

June  25 

June  26 

Dist't. 

Slight. 

0.05 

- 

- 

4878 

June  25 

June  26 

Dist't. 

Slight. 

0.00 

- 

- 

.0030 

.0002 
.0030 
.0010 
.0010 
.0002 
.0000 
.0000 
.0000 


•d 
> 
o 

3 

0250 

.0192 

0256 

.0202 

0226 

.0202 

0256 

.0214 

0284 

.0232 

0222 

.0196 

0290 

.0186 

0288 

.0248 

0244 

.0166 

.0058 
.0054 
.0024 
.0042 
.0052 
.0026 
.0104 
.0040 
.0078 


NlTROGEN 

as 

a 
o 
Q 

.50 

2 

g 

.0000 

.0000 

.50 

.0020 

.0000 

.49 

.0040 

.0001 

- 

.0020 

.0000 

.0020 

.0000 

.0030 

.0001 

- 

.0020 

.0000 

- 

.0020 

.0000 

" 

.0030 

.0001 

Odor,  distinctly  vegetable,  occasionally  unpleasant. Samples  numbered  4825,  48-54,  4855  and  4876 

were  collected  from  the  north  reservir,  .<it  the  surface  and  about  150  feet  from  the  gate-house,  at  the 
deepest  part  of  the  reservoir;  No.  4826  was  collected  at  the  same  point  13  feet  beneath  the  surface,  and 
No.  4877  at  the  same  point  6  feet  beneath  the  surface.  Nos.  4S27,  4S56  and  4878  were  collected  from  a 
faucet  in  the  village. 

*  See  also  page  277. 


280  STATE  BOARD  OF  HEALTH.  [Pub. 

WESTCHESTER. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Doc. 


• 

1S89. 

June. 

June. 

June. 

June. 

June,  j  June. 

June. 

June. 

June. 

Day  of  examination, 

Number  of  sample,  .... 

13 

4825 

13 

4826 

13 

4827 

20 
4854 

22 
4855 

20 
4856 

26 

4876 

26 
4877 

26 

4878 

PLzVNTS. 
Diatoniaceee.    Tubellaria, 

Cyanophycese,  .... 

Anabeena, 

Aphanocapsa, 
Chroococcus, 

Algae, 

Chlorococcus,       .... 
Staurogenia,         .... 

Fung'i.    Leptothrix,      .        .       . 

3 

5 

5 

pr. 

0 

127 

125 

2 

8 

pr. 

10 

10 
0 
0 

151 

150 
1 

pr. 

2 

pr. 

pr. 
0 
0 

101 

100 

1 

0, 

pr. 

pr. 

0 

pr. 

0 

252 

250 
2 

0 

1 

4 

0 
3 
1 

403 

400 
3 

0 

1 

2 

0 

1 

1 

160 

160 
pr. 

0 

pr. 

6 

0 
1 

5 

0 

0 
0 

pr. 

5 

404 

0 

4 

400 

3 
0 

3 

401 

0 

1 

400 

2 

2 
pr. 

0 

ANIMALS. 

Crustacea 

Cyclops 

Daphnia 

pr. 

pr. 

0 

pr. 

0 

pr. 

0 
0 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

pr. 

pr. 

0 

0 
0 
0 

Total  Organisms, 

143 

161 

103 

252 

408 

163 

.6 

412         406 

Chemical  Examination  of  Water  from  a  Spring  beloiv  Winter  Fond,  in  Winchester. 

[Parts  per  100,000.] 


Residue  on 

Nitrogen 

AS 

Date  of 

Appearance. 

Evapora- 
tion. 

Ammonia. 

<ii 

a 

c 
o 

>. 

^ 

a 
o 

Albuminoid. 

■a 

"3 

w 

.o 

s 

E-= 

S 
S 

S 

U 

■3 

°g) 

.; 

"S 

o 

■a 

c 

o 

£ 

g 

.■§ 

c 

V 

o 

X 

^ 

o 

o 

«3 

3  a 

J3 

*i 

^ 

a 

Q 

W 

Eh 

OQ 

o 

B 

ySi 

b^ 

in 

P 

as 

o 

^ 

^ 

W 

18 

89. 

4865 

June  21 

June  21 

Slight. 

Slight. 

0.03 

3.65 

0.20 

.0048 

.0082 

.0068 

.0014 

.42 

.0020 

.0001 

- 

Odor,  vegetable  and  unpleasant. The  sample  was  collected  from  a  spring  in  a  valley  about  300 

feet  from  Winter  Fond  and  below  it,  and  is  mainly  composed  of  water  flowing  underground  from  the 
pond. 


Microscopical  Examination. 

Fungi,  Crenothrix,  2;  Leptothrix,  1,200. 


No.  34.]       WATER  SUPPLY  AND  SEWERAGE.  281 

TVOBTIBISr. 

Watee  Supply  or  Wobuen. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Woburn  Water 

Works. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

o 

si 

3  > 

.'SW 

Ammonia. 

o 

s 

Nitrogen 

AS 

c 

a 

c 

c 
o 

il 

•a" 

is 

1 
•3 

o 

!S 
o 
c 

< 

1 
^ 

1 

a 

4790 

18 

June    6 

89. 

June    6 

None. 

None. 

0.00 

_ 

.0016 

.0020 

2.07 

.0300 

.0000 

_ 

4925 

July    9 

July  10 

None. 

None. 

0.00 

- 

.0022 

.0026 

- 

.0400 

.0000 

- 

5044 

Aug.  12 

Aug.  12 

None. 

None. 

0.00 

- 

.0010 

.0028 

2.05 

.0300 

.0000 

- 

5150 

Sept.  9 

Sept.   9 

None. 

None. 

0.00 

- 

.0016 

.0026 

2.00 

.0280 

.0000 

- 

5231 

Oct.     8 

Oct.     8 

None. 

None. 

0.00 

- 

.0016 

.0016 

2.07 

.0250 

.0000 

- 

5320 

Nov.    7 

Nov.    8 

None. 

None. 

0.00 

- 

.0002 

.0006 

2.06 

.0300 

.0000 

- 

5417 

Dec.    4 

Dec.    5 

None. 

Very  slight. 

0.00 

- 

.0014 

.0024 

1.99 

.0380 

.0001 

- 

5555 

18 

Jan.  21 

90. 

Jan.  21 

Very  slight. 

None. 

0.00 

_ 

.0000 

.0022 

1.90 

.0480 

.0001 

- 

5608 

Feb.     7 

Feb.    8 

Very  slight. 

None. 

0.00 

- 

.0000 

.0014 

1.90 

.0400 

.0000 

- 

5749 

Mar.    5 

Mar.    6 

Very  slight. 

None. 

0.00 

- 

.0006 

.0018 

1.87 

.0500 

.0000 

- 

5856 

Apr.    7 

Apr.    9 

None. 

None. 

0.00 

- 

.0018 

.0028 

1.77 

.0480 

.0000 

- 

6945 

May    5 

May     6 

None. 

None. 

0.00 

- 

.0008 

.0008 

1.71 

.0400 

.0001 

- 

6032 

June    3 

June   4 

Very  slight. 

Very  slight. 

0.00 

- 

.0018 

.0022 

1.82 

.0600 

.0000 

4.8 

6190 

July    8 

July    9 

None. 

None. 

0.00 

- 

- 

- 

1.86 

- 

- 

- 

6374 

Aug.    6 

Aug.   7 

None. 

None. 

0.00 

11.20 

.0028 

.0056 

2.00 

.0650 

.0000 

5.2 

6489 

Sept.  9 

Sept.  10 

None. 

None. 

0.10 

- 

- 

- 

2.10 

- 

- 

- 

6590 

Oct.  14 

Oct.   15 

None. 

None. 

0.00 

11.45 

.0014 

.0020 

1.97 

.0280 

.0001 

4.9 

6698 

Nov.    5 

Nov.    6 

None. 

None. 

0.00 

11.10 

.0012 

.0016' 

2.19 

.0520 

.0001 

5.1 

6794 

Dec.    8 

Dec.    9 

None. 

None. 

0.00 

10.50 

.0012 

.0028 

1.82 

.0500 

.0000 

5.1 

Av. 

0.01 

11.06 

.0012 

.0022 

1.95 

.0413 

.0000 

5.0 

Odor,  none. The  samples  were  collected  from  a  faucet  in  the  pumping-station,  while  pumping, 

with  the  exception  of  No.  5417,  which  was  collected  from  the  pump-well  when  the  pumps  were  not 
running. 


282  STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 

"WOBURlSr. 

Microscopical  Examination, 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

■ 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Fel). 

Mar. 

Day  of  examination 

10 

10 

12 

10 

0 

0 

7 

22 

8 

7 

Number  of  sample,      .        .        .        . 

4790 

4925 

5044 

5150 

5231 

5320 

5417 

5555 

5608 

5749 

PLANTS. 

Diatomaceae,         .... 

pr. 

2 

3 

0 

0 

0 

0 

365 

216 

pr. 

Asterionella 

Stophanodiscus,       .... 
Bynedra, 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 
0 

248 

117 

0 

198 

0 

18 

pr. 
0 
0 

Algse.    Closterium,  .... 

0 

0 

0 

0 

0 

0 

0 

52 

54 

79 

Fungi.     Crenothrix, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ANIMALS. 

Infusoria.    Monas, 

0 

0 

0 

0 

0 

0 

0 

2 

11 

0 

Total  Organisms,    . 

0 

0 

0 

0 

0 

0 

0 

419 

281 

79 

' 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

Number  of  sample 

9 

5856 

6 
5945 

7 
6032 

6190 

9 

6374 

10 

6489 

-1^ 
6590 

8 
6698 ' 

9 

6794 

PLANTS. 
Diatomaceee,     .... 

Asterionella,        .... 
Stephanodiscus,  .... 
Synedra, 

Algse.    Closterium, 

Fungi.     Crenothrix,      . 

0 

0 
0 
0 

0 

0 

0 

0 
0 
0 

0 

0 

2 

0 

0 
0 

- 

0 

0 
0 
0 

0 

0 

pr, 

0 

0 

pr. 

0 

5 

0 

0 
0 
0 

0 

5 

0 

0 
0 
0 

0 

0 

pr. 

0 

0 

pr. 

0 

0 

ANIMALS. 
Infusoria.    Monas,     . 

0 

0 

0 

- 

0 

0 

0 

0 

0 

Total  Organisms, 

0 

0 

2 

- 

0 

5 

5 

0 

0 
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Chemical  Examination  of  Water  fro^n  Horn  Pond,  in 

[Parts  per  100,000.] 


TTOBTJRN. 

Woburn. 


4789 
4924 
5043 
5149 
5230 
5319 
5416 

5554 
5607 
574S 
5755 
5855 
5944 
6031 
6189 
6373 
6488 
6589 
6697 
6795 


Av. 


18 

June    6 

July    9 

Aug.  12 
Sept.  9 
Oct.  8 
Nov.  7 
Dec.    4 

18 

Jan.  21 

Feb.  7 
Mar.  5 
Mar.  7 
Apr.  7 
May  5 
June  3 
July  8 
Aug.  6 
Sept.  9 
Oct.  14 
Nov.  5 
Dec.    8 


89. 

June    6 

July  10 
Aug.  13 
Sept.  9 
Oct.  8 
Nov.  8 
Dec.    5 

90. 

Jan.  21 

Feb.  8 
Mar.  6 
Mar.  8 
Apr.  9 
May  6 
June  4 
July  9 
Aug.  7 
Sept.  10 
Oct.  15 
Nov.  6 
Dec.    9 


Appkakance. 


Slight. 
Dist't. 
Dist't. 
Dec'd. 
Slight. 
Dist't. 
Slight. 

Slight. 
Slight. 
Dist't. 
Dist't. 
Dec'd. 
Dist't. 
Dist't. 
Dec'd. 
Dec'd. 
Dec'd. 
Slight. 
V.sl't. 
Slight. 


Slight. 
Heavy. 
Cons. 
Slight. 
Slight. 
Cons. 
Slight. 

Slight. 
Slight. 
Cons. 
Heavy. 
Cons. 
Heavy, 
Slight. 
Cons. 
Heavy, 
Cons. 
Heavy. 
Slight, 
Slight 


0.50 
0.30 
0.40 
0.30 
0.25 
0.50 
0.30 

0.40 
0.35 
0.30 
0.30 
0.20 
0.20 
0.30 
0.10 
0.20 
0.10 
0.25 
0.45 
0.40 


0.31 


Rr.sidue  on 
Evapora- 

Ammonia. 

tion. 

1 

& 

o 

3 

i 

6h 

Albuminoid.   | 

t 
o 

Eh 

■a 
> 
o 

3 

■s 

■a 
1  c 

02 

_ 

_ 

.0028 

.0314 

.0246 

.0068 

- 

- 

.0000 

.0476 

.0242 

.0234 

- 

- 

.0020 

.0550 

.0272 

.0278 

- 

- 

.0004 

.0688 

.0296 

.0392 

- 

- 

.0202 

.0450 

.0260 

.0190 

- 

- 

.0288 

.0362 

.0226 

.0136 

- 

- 

.0192 

.0278 

.0210 

.0068 

- 

- 

.0108 

.0194 

.0158 

.0036 

- 

- 

.0042 

.0198 

.0142 

.0056 

- 

- 

.0058 

.0186 

.0110 

.0076 

- 

- 

.0110 

.0250 

.0148 

.0102 

- 

- 

.0022 

.0296 

.0144 

.0152 

- 

- 

.0026 

.0172 

.0138 

.0034 

- 

- 

.0038 

.0444 

.0202 

.0242 

9.30 

- 

.0140 

.0632 

.0314 

.0318 

10.90 

2.05 

.0012 

.0644 

.0358 

.0286 

10.95 

1.80 

.0000 

.0666 

.0264 

.0402 

11.25 

2.20 

.0006 

.0534 

.0230 

.0304 

10.40 

2.15 

.0258 

.0276 

.0216 

.0060 

10.30 

2.15 

.0226 

.0286 

.0242 

.0044 

10.76 

2.07 

.0088 

.0402 

.0225 

.0177 

1.81 
2.19 
2.25 
2.32 
2.45 
2.48 
1.98 

1.54 

1.53 

1.57 

1 

1.34 

1.47 

1.52 

1.93 

2.59 

2.70 

2.81 

2.30 

1.82 

2.03 


Nitrogen 

as 

5 

.0300 

.0013 

.0180 

.0013 

.0020 

.0004 

.0110 

.0014 

.0100 

.0014 

.0360 

.0022 

.0400 

.0015 

.0900 

.0009 

.0850 

.0010 

.0900 

.0011 

.1200 

.0008 

.0600 

.0007 

.0900 

.0009 

.0350 

.0012 

.0030 

.0004 

.0050 

.0000 

.0100 

.0002 

.0120 

.0002 

.0450 

.0014 

.1100 

.0013 

.0412 

.0010 

2.9 

3.8 
3.5 
3.5 
3.5 
3.2 
3.6 


Odor,  distinctly  vegetable,  frequently  grassy,  increased  on  heating. The  samples  were  collected 

from  the  poud  at  the  southerly  end,  20  to  50  feet  from  shore,  and  four  feet  laeneath  the  surface,  at  a  point 
where  the  water  was  from  16  to  20  feet  in  depth,  excepting  as  follows:  No.  5416  was  collected  off  the 
bulk  head,  near  the  shore;  No.  5755  was  collected  300  feet  from  shore  and  two  feet  above  the  bottom 
of  the  pond,  at  a  point  where  the  water  was  28  feet  in  depth. 
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Microscopical  Examination. 

[Number  of  organismB  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample,  . 


1889. 


June. 


10 

4789 


July. 


10 

4924 


Aug. 


12 
5043 


Sept.      Oct. 


10 
5149 


7 
5416 


22 
5554 


PLANTS. 
DiatomacesB,     . 

Asterionella, 
Cocconeis,    . 
Fragillaria,  . 
Melosira, 
Navicula,      . 
Nitzchia, 
Stepbanodiscus,  . 
Synedra, 
Tabellaria,    .        .    . 

CyanophycGBe, . 

Anabfena,     . 
Clathrocystis, 
Ccelosphaerium,    .' 
Nostocaceous  spores, 


Algae, 


Chlorococcus, 
Clofterium, . 
Ccelastrum,  . 
Cosmarium, 
Pediastrum, 
Polyedrium, 
Raphidium,  . 
Sceuedesmus, 
Staurastrum, 
Zoospores,  . 


Fungi.    Crenothrix, 


340 

320 
0 
0 
0 
0 
0 

pr. 
20 
0 


191 

160 
0 
0 
0 
1 
« 
0 

pr. 

30 

0 


193 

0 
0 
0 
0 
0 
0 
0 
193 
0 


116 

81 

23 

12 

0 


280 

195 

0 

12 

0 

6 

0 

0 

7 

33 

27 


124 

0 

0 
0 
0 
0 
0 

1 


544 

326 


140 
0 


117 

106 
0 
0 
0 
0 
0 
0 
8 
3 
0 


776 


728 
46 


606 

595 
11 
0 
0 


22 


333 

227 
0 
0 

32 
0 
0 
4 

70 
0 


360 

312 
0 
0 

14 
0 
0 
2 

32 
0 


24 

10 
2 
4 
0 
pr. 
0 
0 
6 
2 
0 


896 

746 
0 
0 
6 
0 
0 

132 
12 
0 


0 
0 
pr. 
0 
0 
0 
0 
3 
0 
0 


3,447 

3,350 

0 

0 

52 

0 

0 

pr. 

45 

0 


ANIMALS. 
Rhizopoda.    Difflugia, 


Infusoria, 


Monas,  . 
Peridinium, 
Trachelomonas,  . 
Vorticella,    . 


Vermes, 

Anurea, 
Polyarthra,  . 
Rotatorian  ova, 
Triarthra,     . 

Crustacea,  . 

Cyclops, 
Daphnia, 


0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

pr. 

1 

4 

0 
0 
0 
0 

0 

pr. 

0 

0 

0 
0 
0 

1 

0 
0 

0 
4 

0 

pp. 

0 

0 

0 

0 

pr. 
0 

0 
0 

0 
0 

531 

589 

786 

782 

pr. 


pr. 

pr. 
0 
0 
0 

pr. 
pr. 


pr. 


pr. 
pr. 


Total  Organisms, 


719 


372 


900 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


May. 


July. 


Aug. 


Sept.      Oct.     Nov.     Dec 


Day  of  examination, 
Kumber  of  sample, 


5755 


9 
5855 


7 
6031 


10 
6189 


6373 


10 

16 

8 

6488 

6589 

6697 

34 

42 

127 

0 

8 

82 

0 

0 

0 

0 

0 

0 

0 

18 

27 

2 

0 

0 

0 

12 

15 

0 

4 

pr. 

u 

0 

3 

32 

0 

0 

1,000 

782 

58 

652 

756 

27 

6 

0 

0 

342 

26 

31 

0 

0 

0 

44 

92 

83 

8 

76 

7 

0 

0 

0 

0 

0 

0 

36 

10 

11 

0 

2 

4 

0 

0 

0 

0 

0 

12 

0 

4 

49 

0 

0 

0 

0 

0 

0 

0 

0 

22 

9 
6795 


PLANTS. 
Diatomacese,  . 


Asterionella, 
Cocconeis, 
Fragillaria, 
Melosira,  . 
Nttvicula,  . 
Nitzchia,  . 
Stephanodisous 
Synedra,  . 
Tabellaria, 


Cyanopliycese, 


AnabtBna, . 
Clathrocystis,    . 
CcelospliEerium, 
Nostocaoeous  spores, 


Alg-se, 


Chlorococcus, 

Closlerium, 

Ccelastrum, 

Cocmarium, 

Pediastrum, 

Polyedrium, 

Raphidium, 

Sceuedesmus, 

Staurastrum, 

Zoospores, 


Fungi.  Crenothrix, 


3,344 

14,066 

7,600 

3,260 

14,040 

7,130  ! 

0 

0 

0 

0 

0 

0 

14 

20 

6 

0 

0 

4 

0 

0 

0 

4 

4 

0 

66 

2 

460 

0 

0 

0 

0 

0 

0 : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

34 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

34 

1 

0 

0 

0 

0 

0 

1 

0 

0 

324 


0 
0 

260 
0 


140 


140 
0 
0 
0 


304 

142 
92 
10 
2 
4 
2 
4 
42 


273 

225 
10 
20 
18 


709 

325 

0 
10 
28 

3 
48 

0 

80 

215 

0 


2,272 


12 
0 
0 

1,548 
0 


488 

136 
144 

208 
0 


1,002 

356 
0 
0 

460 
0 

160 

0 

18 


1,369 

1,138 

0 

0 

204 

0 


228 

■  6 

pr. 

0 

8 

0 

0 

0 

SO 

0 

134 


ANIMALS. 
Rhizopoda.    Difflugia, 

Infusoria,  . 


Monas, 
Peridinium, 
Trachelomonas, 
Vorticella, 


Vermes, 

Auurea, 
Polyarthra, 
Rotate  rian  ova, 
Triarthra,  . 

Crustacea, 

Cyclops,     . 
Daphnia,    . 


0 

0 

pr. 


pr. 
pr. 


Total  Organisms, 


3,347 


14,069 


7,636 


780 


1,101  3,784 


1,088 


922 


1,619 
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Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Woburn 

Water  Works. 

[Parte  per  100,000.] 


Residue  on 

Date  of 

Appearance. 

Evapora- 

Ammonia. 

AS 

tion. 

.2 

r^ 

o 

Albuminoid. 

■d 

•a 

s 

s 

r 

a 

o 

"3 

S  g, 

6 

^ 

> 
9 

-2 

c 
o 

V 

o 

o 

\z, 

o 

H 

El 

OJ 

O 

e- 

iJ 

b 

a 

CB 

O 

^ 

18 

90. 

.5609 

Feb.    7 

Feb.    8 

Slight. 

V.Bl't. 

0.00 

- 

- 

.0000 

.0050 

.0022 

.0028 

1.94 

.0330 

.0001 

- 

5750 

Mar.    5 

Mar.    6 

V.sl't. 

None. 

0.00 

- 

- 

.0000 

.0050 

.0016 

.0034 

1.89 

.0450 

.0002 

~ 

Odor,  No.  5609,  none;  No.  5750,  faintly  vegetable  and  unpleasant. - 
from  the  reservoir  at  the  surface. 


■  The  samples  were  collected 


Microscojncal  Exainination. 

No.  5609.  Diatomacese.^.sferJoneWa,  401.  Algae,  ClosteHum,l,4b4r.  Gonhim,1.Z9.  Infusoria,  JiTowas, 
682.    Vermes,  jOig'fcwa,  pr.     Total  organisms,  2,676. 

No.  5750.  Diatomaceas,  Asterionella,  8;  Stauroptera,  pr;  Synedra,  5.  Algae,  Closteriuni,*!, 500. 
Gonium,  7.    Infusoria,  3Ionas,  69.    Vermes,  Rotatorian  ova,  pr.    Total  organisms,  1,589. 

*  Estimated. 


Watee  Supply  of  Woecestee. 

Leicester  Supply.  —  Chemical  Examinatio7i  of  Water  frotn  the  Lynde  Brook 

Storage  Reservoir. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

•E 
_o 
S 

.20 

.15 
.10 
.16 
.14 
.13 
.16 
.16 
.11 
.16 
.13 

.15 

Nitrogen 

as 

o 
•-D 

o 
O 

o 

a-s 

S 

a 

u 
o 

■3 
1 

0 

fa 

Albuminoid. 

1 

i 

.Q 

a 

3 

'A 

3 
0 

■6 
> 
0 

5 

1 

'    1  c 

s  0. 

02 

V 
3 

4817 
4946 
5049 
5163 
5239 
5333 
5426 

5525 
5616 
5759 
5860 
5963 
6082 
6180 
6394 
6480 
6605 
6709 
6799 

18 

June  11 
July  15 
Aug.  12 
Sept.  10 
Oct.     8 
Nov.  11 
Dec.    9 

18 

Jan.  13 
Feb    10 
Mar.  10 
Apr.    8 
May  12 
June  16 
July    7 
Aug.  12 
Sept.   8 
Oct.  15 
Nov.  10 
Dec.    8 

89. 

June  12 
July  17 
Aug.  13 
Sept.  11 
Oct.  10 
Nov.  12 
Dec.  10 

90. 

Jan.  15 
Feb.  11 
Mar.  11 
Apr.    9 
May  13 
June  18 
July    8 
Aug.  13 
Sept.   9 
Oct.  16 
Nov.  11 
Dec.    9 

V.sl't. 
V.sl't. 
V.sl't. 
V.sl't. 
Dist't. 
V.sl't. 
V.sl't. 

Slight. 

V.  sl't. 

V.  sl't. 

V.sl't. 

V.  sl't. 
[V.sl't. 
!  V.sl't. 

V.Bl't. 

V.sl't. 
V.sl't. 
V.sl't. 
Slight. 

V.sl't. 

V.Bl't. 

Slight. 
V.sl't. 
Heavy. 
V.sl't. 
Slight. 

Slight. 
V.sl't. 
V.sl't. 
V.sl't. 
V.sl't. 
V.sl't. 
V.  sl't 
Slight. 
V.sl't. 
V.sl't. 
Slight. 
Slight. 

0.15 
0.20 
0.10 
0.20 
0.30 
0.50 
0.25 

0.25 
0.35 
0.30 
0.05 
0.10 
0.05 
0.10 
0.03 
0.05 
0.40 
0.50 
0.30 

3.05 
3.05 
3.30 
3.05 
3.10 
2.85 

1.25 
1.00 
0.70 
1.70 
1.10 

.0006 
.0026 
.0000 
.0002 
.0074 
.0062 
.0052 

.0040 
.0014 
.0004 
.0016 
.0018 
.0016 
.0040 
.0000 
.0000 
.0052 
.0072 
.0042 

.0190 
.0194 
.0180 
.0170 
.0200 
.0164 
.0152 

.0106 
.0116 
.0106 
.0106 
.0106 
.0138 
.0138 
.0156 
.0142 
.0150 
.0162 
.0152 

.0140 
.0156 
.0156 
.0138 
.0154 
.0148 
.0124 

.0088 
.0084 
.0080 
.0070 
.0100 
.0102 
.0082 
.0150 
.0140 
.0118 
.0132 
.0138 

.0050 
.0038 
.0024 
.0032 
.0046 
.0016 
.0028 

.0018 
.0032 
.0026 
.0036 
.0006 
.0036 
.0056 
.0006 
.0002 
.0032 
.0030 
.0014 

.0030 
.0020 
.0030 
.0000 
.0050 
.0040 
.0070 

.0090 
.0100 
.0150 
.0060 
.0070 
.0040 
.0030 
.0080 
.0080 
.0060 
.0050 
.0120 

.0001 
.0001 
.0000 
.0000 
.0000 
.0000 
.0001 

.0000 
.0000 
.0002 
.0001 
.0001 
.0001 
.0000 
.0001 
.0001 
.0001 
.0001 
.0000 

0.9 

1.1 

0.9 
0.9 
0.9 
0.9 

Av 

0.22 

3.07 

1.15 

.0028 

.0149 

.0121 

.0028 

.0062 

.0001 

0.9 

Odor,  generally  faintly  vegetable,  occasionally  grassy,  frequently  none. The  samples  were  col- 
lected from  the  reservoir,  in  front  of  the  gate-house,  one  foot  beneath  the  surface,  with  the  exception  of 
Nos.  5525,  5616,  5759,  5963,  and  6709,  which  were  collected  at  the  foot  of  the  overflow  channel,  below 
he  dam. 
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WORCESTER. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination,    .... 

12 

17 

13 

11 

10 

12 

11 

15 

12 

12 

Number  of  sample 

4817 

4946 

5049 

5163 

5239 

5383 

5426 

5525 

5616 

5759 

PLANTS. 

Diatomacese, 

1 

1 

13 

2 

2 

14 

52 

376 

94 

13 

Asterionella 

Melosira,  ...... 

Stephanodiscus,       .... 

Synedra 

Tabellaria 

1 
pr. 
0 
0 
0 

1 
0 
pr. 
0 
0 

13 

0 
0 
0 
0 

0 

2 
0 

^^0 

pr. 
2 
0 
0 
0 

8 
6 
0 
0 
0 

52 
0 
0 
0 
0 

376 
0 
0 
0 
0 

92 
0 
0 
2 
0 

11 
0 
0 
2 
0 

CyanophyceEe,     .... 

12 

pr. 

0 

6 

0 

1 

0 

0 

0 

0 

Anabsena, 

Aphanocapsa 

Chroococcus, 

12 
0 
0 

pr. 
0 
0 

0 
0 
0 

2 
4 
0 

0 
0 
0 

1 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Algae, 

0 

90 

46 

0 

pr. 

21 

1 

0 

pr. 

0 

Chlorococcus, 

Raphidium, 

0 
0 

38 
.^2 

27 
19 

0 
0 

^'6 

21 
0 

1 

0 

0 
0 

pr. 
0 

0 
0 

Fungi.    Crenothrix, 

15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ANIMALS. 

Rhizopoda, 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

Actinophrys, 

Arcella 

0 

0 

4 
pr. 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Infusoria 

pr. 

pp. 

pr. 

2 

9 

11 

15 

1 

90 

4 

Diuobryon, 

Peridinium 

Trachelomonas,       .... 

pr. 
0 
0 

0 

pr. 

0 

0 

0 

pr. 

0 

1 
1 

8 

pr. 

1 

6 
5 
0 

12 
3 
0 

1 

0 
0 

90 
0 
0 

4 
0 
0 

Total  Organisms,    . 

28 

95 

59 

10 

11 

47 

68 

377 

184 

17 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

11 

13 

18 

9 

14 

9 

17 

12 

10 

Number  of  sample 

5860 

5963 

6082 

6180 

6394 

6480 

6605 

6709 

6799 

PLANTS. 

Diatomacese 

554 

2 

0 

pr. 

4 

1 

0 

11 

7 

Asterionella,         .... 
Melosira,        ..... 
Stephanodiscus,    .... 

Synedra 

Tabellaria 

5 
30 

0 

445 

74 

0 
2 
pr. 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
pr. 
0 

0 
0 
3 

1 
0 

0 
1 
0 
0 
0 

0 
0 
0 
0 
0 

0 
5 
5 
1 

0 

2 
0 
5' 

Cyanophyceee 

0 

0 

0 

22 

63 

10 

0 

8 

0 

Anabasna 

Aphanocapsa 

Chroococcus 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

22 

5 
58 
0 

2 
0 

8 

0 
0 

0 

0 
pr. 

8 

0 
0 
0 

Algse, 

2 

pr. 

3 

43 

10 

0 

0 

0 

0 

Chlorococcus 

Raphidium, 

0 

pr. 
0 

3 
0 

38 
5 

10 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Fungi.    Crenothrix,      . 

1 

0 

pr. 

0 

1 

0 

pr. 

pr. 

0 
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[Number  of  organisms  per  cubic  centimeter.] 


1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Bhizopoda, 

pr. 

0 

0 

0 

0 

8 

0 

0 

0 

Actinophrys 

Arcella, 

pr. 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
8 

0 
0 

0 
0 

0 
0 

Infusoria, 

2 

11 

0 

60 

0 

3 

0 

8 

pr. 

DinobryoD, 

Peridinium 

Trachelomonas,   .... 

0 

2 
0 

11 
0 
0 

0 
0 
0 

57 
3 
0 

0 
0 
0 

0 
3 
0 

0 
0 
0 

8 
0 
0 

0 
pr. 
pr. 

Total  Oeganisms, 

559 

13 

3 

125 

78 

22 

0 

27 

7 

HoLDEN  Supply. 

Chemical  Exa7ninatio7i  of  Water  from  Tatnuck  Brook  Storage  Reservoir. 

[Parts  per  100,000.] 


Date  of 

Appeaeance. 

Residue  on 
Evapora- 

Ammonia. 

XlTBOGEN 
AS 

tion. 

1 

i 

a -2 

is 

S 

3 

a 

u 
o 

« 

Albuminoid.       | 

1 

a 

■3 

-a 
0 

% 
1  c 

c 

•A 

13 

a 

o 

o 

0 

s  p. 

j=, 

'-A 

O 

H 

H 

tc 

O 

H 

ij 

fc. 

Eh 

"(5 

OQ 

0 

'A 

18  89. 

4818 

June  11 

June  12 

Dist't. 

Slight. 

0.20 

_ 

- 

.0004 

.0156 

.0138 

.0018 

.15 

.0020 

.0000 

- 

4947 

July  16 

July  17 

Slight. 

Slight. 

0.20 

- 

- 

.0002 

.0194 

.0144 

.0050 

- 

.0000 

.0001 

- 

5050 

Aus;.  12 

Aug.  13 

Slight. 

Cons. 

0.20 

- 

- 

.0010 

.0212 

.0172 

.0040 

- 

.0020 

.0000 

- 

51  fi2 

Sept.  10 

Sept.  11 

Dist't.  1  Slight. 

0.20 

- 

- 

.0000 

.0194 

.0162 

.0032 

- 

.0020 

.0000 

- 

5240 

Oct.     8 

Oct.  10 

Dist't. 

He'vy. 

0.25 

- 

- 

.0000 

.0176 

.0122 

.0054 

- 

.0040 

.0000 

- 

5332 

Nov.  11 

Nov.  12 

Slight. 

Cons. 

0.30 

- 

- 

.0002 

.0156 

.0112 

.0044 

- 

.0000 

.0000 

- 

5427 

Dec.    9 

Dec.  10 

V.  sl't. 

Slight. 

0.20 

- 

- 

.0002 

.0124 

.0108 

.0016 

- 

.0020 

.0001 

- 

18  90. 

552R 

Jan.   13 

Jan.  15 

Slight. 

Cons. 

0.20 

- 

- 

.0014 

.0094 

.0068 

.0026 

- 

.0090 

.0001 

- 

5617 

Feb.  10 

Feb.  11 

V.sl't. 

Slight. 

0.20 

- 

_ 

.0000 

.0066 

.0048 

.0018 

- 

.0100 

.0000 

- 

57R0 

Mar.  10 

Mar.  11 

V.sl't. 

Slight. 

0.20 

_ 

_ 

.0006 

.0094  .0090 

.0004 

.12 

.0110 

.0001 

- 

5861 

Apr.    8 

Apr.    9 

V.sl't. 

Slight. 

0.10 

- 

- 

.0014 

.0104  1.0082 

.0022 

.16 

.0090 

.0000 

- 

,5964 

May  12 

May  13 

Slight. 

Cons. 

0.15 

- 

- 

.0010 

.0130  1.0094 

.0036 

.12 

.0030 

.0000 

- 

6081 

June  16 

June  18 

Dist't. 

Slight. 

0.05 

- 

- 

.0002 

.0120  .0094 

.0026 

.09 

.0030 

.0000 

- 

6181 

July    7 

July    8 

'Slight. 

Slight. 

0.10 

2.35 

- 

.0014 

.0132  1.0098 

.0034 

.08 

.0025 

.0000 

0.9 

6393 

Aus.  12 

Aug.  13 

1  Dist't. 

Shght. 

0.03 

3.20 

1.70 

.0000 

.0198   .0152 

.0046 

.14 

.0080 

.0001 

1.1 

6481 

Sept.   8 

Sept.   9 

Dist't. 

Cons. 

0.25 

2.90 

1.25 

.0U02 

.0250   .0156   .0094 

.15 

.0100 

.0001 

0.9 

6606 

Oct.   15 

Oct.   16 

Slight. 

Cons. 

0.30 

2.70 

1.10 

.0000 

.0198!. 0114 

.0084 

.10 

.0100 

.0001 

0.9 

6710 

Nov.  10 

Nov.  11 

V.sl't. 

Slight. 

0.35 

2.40 

1.40 

.0010 

.0136 

.0088 

.0048 

.15 

.0030 

.0001 

0.8 

6798 

Dec.    8 

Dec.    9 

V.sl't. 

V.  sl't. 

0.10 

2.50 

0.75 

.0006 

.0168 

.0144 

.0024 

.17 
.13 

.0150 

.0001 

0.9 

Av 

0.19 

2.74 

1.24 

.0005 

.0153 

.0115 

.0038 

.0056 

.0000 

0.9 

Odor,    generally    faintly    vegetable,   or    none;    occasionally   disagreeable. The   samples   were 

collected  from  the  reservoir,  in  front  of  the  gate-house,  from  one  to  three  feet  beneath  the  surface,  with 
the  exception  of  Nos.  5427  to  5964,  and  Nos.  6181,  6606,  ^nd  6710,  which  were  collected  from  the  foot  of 
the  overflow  channel,  200  feet  below  the  dam. 
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Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination,    . 
Number  of  sample, 


12 

4818 


July.     Au 


17 

4947 


13 

5050 


Sept. 


11 
5162 


Oct.     Nov.     Dec 


10 

6240 


12 
5332 


11 

5427 


Jau.  I  Feb.     Mar 


15 

12 

5526 

5617 

433 

357 

84 

106 

7 

4 

0 

0 

0 

0 

0 

0 

14 

21 

328 

226 

0 

0 

0 

0 

0 

0 

4 

10 

3 

0 

0 

0 

1 

0 

0 

10 

0 

0 

0 

0 

0 

0 

3 

61 

0 

61 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

12 
5760 


PLANTS. 
Diatomacese, 


Asterionella,  . 
Melosira,  . 
Navicula,  . 
Nitzchia,  . 
Stephanodiscus, 
Synedra,  . 
Tabellaria, 


Cyanophyceee, 


Aphanocapsa, 
Chrobcoccus, 


Algse, 


Chlorococcus, 

Raphidium, 

Scenedesmus, 

Spirotsenia, 

Staurastrum, 


Fungi.     Leptothrix, 


150 

50 

25 

0 

0 

0 

25 
50 


20 

16 

0 

pr. 

0 

4 


1,110    1,442 


350 
8 
0 
0 

pr. 
0 

752 


598 
2 
0 
0 
0 
2 

840 


28 


2,976 

1,883 
83 
0 
0 
0 
0 

1,010 


894 


316 


0 
0 
0 
5 

270 


624 

93 
0 
0 
0 
0 
153 
378 


ANIMALS. 
Rtlizopoda.     Actinophrys 

Infusoria, 

Dinobryon, 

Mouas,       .... 

Peridinium, 

Trachelomonas, 

Vermes.    Anurea,  . 

Crustacea.    Cyclops,    . 


0 

0 

4 

pr. 

pr. 


Total  Organisms,    . 


1,131 


1,502 


3,001 


338 


440   428   698 
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Microscopical  Examination.  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


T890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

11 

13 

18 

9 

13 

9 

17 

12 

10 

Number  of  sample,   .... 

5861 

5964 

6081 

6181 

6393 

6481 

6606 

6710 

6798 

PLANTS. 

Diatomace^ 

16 

147 

358 

30 

906 

380 

252 

1,282 

153 

Asterionella,         .... 

Melosira, 

Navicula, 

Nitzchia, 

Stephanodiscus,    .... 

Synedra, 

Tabellaria, 

1 

0 
0 
0 
0 
2 
13 

20 
80 

0 
17 
30 

108 

44 

0 

0 

0 

48 

158 

1 
24 
0 
0 

1 
3 

1 

376 
18 
4 
0 
0 
2 

506 

192 

106 

0 

0 
0 

8 
74 

54 

123 

2 

0 

8 

15 

50 

104 

540 
5 
1 

0 
60 

572 

20 

36 

3 

22 
0 
57 
15 

Cyanophycese,  .... 

0 

27 

562 

0 

0 

0 

30 

6 

0 

Aphanocapsa 

Chrobcoccus,        .... 

■0 
0 

27 
0 

498 
64 

0 
0 

0 
0 

0 

0 

0 
30 

0 
6 

0 
0 

Algae,      ....... 

pr. 

2 

8 

29 

86 

23 

28 

33 

12 

Chlorococcus,       .... 
Raphidium,  ...... 

Scenedesmus 

Spirotaenia 

Staurastrum 

pr. 
0 
0 
0 
0 

0 

0 

1 

0 

1 

2 
0 
2 
0 

4 

22 
0 
1 
0 
6 

68 

12 

0 

0 

6 

8 
0 
3 
0 
12 

11 

6 
5 
0 
6 

15 
4 

11 
0 
3 

4 

4 
3 
0 
1 

Pungi.    Leptothrix, 

13 

0 

0 

0 

0 

0 

0 

0 

0 

ANIMALS. 

Rhizopoda.     Actinophrys, 

0 

0 

0 

0 

0 

3 

pr. 

0 

0 

Infusoria, 

7 

16 

76 

0 

48 

87 

1 

4 

8 

Dinobryon, 

Monas, 

Peridinium 

Trachelomonas,    .    ■    . 

6 
0 

1 
0 

2 

pr. 

12 

2 

74 
0 

2 
0 

0 
0 
0 
0 

0 

0 

40 

6 

67 
3 

16 
1 

0 
0 

1 

pr. 

1 
0 

1 

8 
0 
0 
0 

Vermes.    Anurea, 

0 

1 

0 

0 

0 

1 

0 

pr. 

0 

Crustacea.    Cyclops, 

0 

0 

0 

0 

pr. 

3 

0 

0 

0 

Total  Organisms, 

36 

193 

1,00^ 

59 

1,038 

497 

311 

1,325 

173 
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^^ORCESTER. 

Record  of  Heights  of  Water  in  Holden  and  Leicester  Storage  Reservoirs  at  Times 
wheii  Samjples  of  Water  were  collected  for  Analysis. 

Note.— Holden  Reservoir,  height  of  roUway,  20.10  feet;  Leicester  Reservoir,  height  of  rollway, 
37.40  feet. 


Date 

Height  ofWater. 

Height  of  Water. 

Holden. 

Leicester. 

Holden. 

Leicester. 

1889 

1890  — Con. 

June  11, 

20.18 

37.47 

Mar.  10 

20.30 

37.53 

July  16, 

18.86 

35.98 

Apr.     8 

20.35 

37.60 

Aug.  12, 

20.14 

37.37 

May   12 

20.30 

37.57 

Sept.  10, 

18.65 

36.44 

June  16 

20.20 

37.50 

Oct.      8, 

20.25 

37.10 

July     7 

18.74 

36.20 

Nov.  11, 

20.14 

33.10 

Aug.  12 

16.50 

34.02 

Dec.     9, 

1890 

20.45 

37.50 

Sept.    8 
Oct.    15 

17.85 

20.58 

34.35 
36.10 

Jan.   13, 

20.30 

37.50 

Nov.  10 

20.10 

37.47 

Feb.   10, 

20.35 

37.70 

EXAMINATIONS  OF  WATER  SUPPLIES 
AND  EIVERS. 


11 1 Y  E  K  S  . 


EXAMINATION  OF  EIVEES. 


Blackstone  Eiver. 

The  sewage  precipitation  works  of  the  city  of  Worcester,  which 
were  mentioned  on  page  386  of  Part  I.  of  the  special  report  of  the 
Board  as  being  then  under  construction,  were  completed  in  the  spring 
of  1890  and  put  in  operation  on  June  25  of  that  year. 

The  principal  portion  of  the  sewage  of  the  city  of  Worcester  is 
discharged  into  the  channel  of  Mill  Brook,  which  flows  into  the 
Blackstone  River  at  Quinsigamond  Village,  a  short  distance  south 
of  the  thickly-settled  portion  of  the  city. 

This  brook  receives  the  natural  drainage  from  a  water-shed  of 
about  12.5  square  miles,  and  as  a  square  mile  of  water-shed  in  an 
ordinary  year  will  furnish  on  an  average  about  one  million  gallons 
of  water  daily,  the  average  daily  volume  of  brook  water  is  in  the 
neighborhood  of  12,500,000  gallons.  Quite  a  large  portion  of  this 
water  passes  off  during  the  spring  freshets  so  that  the  average  flow 
during  the  dryer  months  is  much  less  than  the  amount  above  stated. 
At  the  present  time  the  main  sewer  terminating  at.the  new  precipita- 
tion works,  which  are  situated  about  one  mile  south  of  Quinsigamond 
Village  and  not  far  from  the  Blackstone  River,  extends  only  to  the 
lower  end  of  the  Mill  Brook  channel  where  it  intercepts  the  sewage 
of  the  city  after  being  diluted  with  brook  water. 

In  consequence  of  the  large  volume  of  mingled  brook  water  and 
sewage  it  has  not  been  feasible  to  treat  the  w^hole  amount  flowing  in 
the  brook,  and  it  has  been  the  practice  during  the  time  covered  by 
this  report  to  treat  3,000,000  gallons  daily  and  permit  the  remainder 
to  flow  into  the  river  untreated.  Most  of  the  untreated  sewage 
enters  the  river,  as  formerly,  at  the  mouth  of  Mill  Brook  but  it  has 
been  a  general  rule  to  allow  a  little  more  than  3,000,000  gallons  to 
flow  to  the  precipitation  works  and  to  turn  the  excess  into  the  river 
there  through  a  by-pass. 

At  the  precipitation  works  the  sewage  is  treated  with  chemicals 
and  then  passed  through  settling  tanks,  and  the  clarified  efliuent  is 
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discharged  into  a  ditch  leading  to  the  river.  The  sludge  is  disposed 
of  at  present  on  land  a  short  distance  from  the  precipitation  works. 
The  system  is  still  unfinished,  the  complete  plan  involving  the 
separation  of  the  sewage  from  the  brook  water,  either  by  the  con- 
struction of  intercepting  sewers  on  each  side  of  the  Mill  Brook 
channel  to  intercept  the  flow  from  the  lateral  sewers  into  it,  or  by  the 
construction  of  an  independent  channel  or  sewer  to  intercept  the 
brook  above  where  the  sewers  discharge  into  it  and  carry  the  water 
to  the  river,  below  the  point  where  the  brook  is  at  present  intercepted 
by  the  sewer  leading  to  the  precipitation  works  ;  in  either  case  the 
sewers,  during  storms,  will  overflow  into  the  river. 


Chemical  Examination  of  Waterfront  the  Blackstone  River,  below  Quinsigamond 
Village,  and  above  the  Worcester  Sewage  Precipitation  Works. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

o 

a 

Nitrogen 

AS 

_S 
o 

o 
O 

S 
1^ 

■3 
3 
3 

1 
■S 

CD 

u 

'o 

3 

o 

O    bjQ 

Ml— 1 

1 

Albuminoid. 

1 

9^ 

§ 

s 

s 
'A 

o 

13 
> 
o 

3 

•a 

■a 
,  c 

§  p. 

■5 
3 
IS 

1889. 

4819 

June  11 

June  12 

Dec'd- 

He'vy, 

1.00 

11.30 

1.60 

.2000 

.1580 

.1040 

.0540 

1.64 

.0050 

.0002 

— 

4945 

July  16 

July  17 

Dec'd. 

e'rthy. 
Very 

0.10 

.8800 

.1620 

.1.350 

.0270 

_ 

.0300 

.0030 

_ 

■5056 

Aug.  13 

Aug.  14 

Dec'd. 

heavy. 
He'vy. 

0.20 

.2520 

.1100 

.0440 

.0660 

1.05 

.0200 

.0027 

_ 

5174 

Sept.  11 

Sept.  12 

Dec'd. 

Very 

2.30 

- 

- 

.5600 

.2100 

.0510 

.1590 

1.77 

.0060 

.0060 

- 

5245 

Oct.     9 

Oct.  10 

Dist't. 

heavy. 
He'vy. 

0.05 

.2480 

.1200 

.0480 

.0720 

1.01 

.0200 

.0015 

_ 

534fi 

Nov.  12 

Nov.  13 

Dec'd. 

Cons. 

1.50 

_ 

_ 

.2480 

.0980 

.0810 

.0170 

1.12 

.0250 

.0023 

- 

5432 

Dec.  10 
18 

Dec.  11 
90. 

DeCd. 

He'vy. 

0.90 

" 

.1200 

.0690 

.0460 

.0230 

0.71 

.0150 

.0012 

5527 

Jan.  14 

Jan.  15 

Dec'd. 

He'vy, 

0.30 

_ 

_ 

.1600 

.0720 

.0210 

.0510 

0.82 

.0800 

.0013 

- 

5651 

Feb.  12 

Feb.  13 

Dec'd. 

He'vy, 

1.40 

_ 

_ 

.1400 

.0590 

.0360 

.0230 

0.56 

.0500 

.0013 

- 

57T7 

Mar.  11 

Mar.  12 

Dec'd. 

e'rthy. 
He'vy. 1  0.30 

.1640 

.0790 

.0410 

.0380 

1.10 

.0400 

.0006 

_ 

5Sfi5 

Apr.    9 

Apr.  10 

Dec'd. 

He'vy. 10.15 

_ 

_ 

.0840 

.0560 

.0280 

.0280 

0.6S 

.0400 

.0012 

- 

5965 

May  12 

May  13 

Dec'd. 

He'vy. 

0.00 

_ 

_ 

.1800 

.0900 

.0390 

.0510 

1.92 

.0250 

.0019 

- 

6084 

June  16 

June  18 

Dec'd. 

He'vy. 

1.00 

_ 

_ 

.2600 

.1510 

.0600 

.0910 

1.44 

.0150 

.0001 

- 

6182 

July    7 

July     8 

Dec'd. 

He'vy. 

1.30 

9.60 

_ 

.2240 

.1280 

.0680 

.0600 

1.18 

.0050 

.0000 

2.86 

6391 

Aug.  11 

Aug.  13 

Dec'd, 

Very 

1.10 

10.20 

3.60 

.1800 

.1650 

.0940 

.0710 

1.05 

.0100 

.0001 

2.99 

6482 

Sept.  8 

Sept.  9 

op'q'e. 
Dec'd. 

heavy. 
Very 
heavy. 
He'vy. 

1.20 

10.90 

3.20 

.2200 

.0690 

.0350 

.0340 

0.93 

.0450 

.0026 

2.99 

6586 

Oct.  13 

Oct.  14 

Dec'd 

0.85 

9.50 

2.70 

.2000 

.1330 

.0750  1.0580 

1.01 

.0500 

.0023 

2.47 

6704 

Nov.  10 

Nov.  11 , 

Dec'd. 

He'vy. 

1.40 

9.40 

2.60 

.1800 

.1020 

.0720  1.0300 

0.84 

.0250 

.0037 

2.99 

6796 

Dec.    8 

Dec.    9 

Dec'd. 

He'vy. 

0.90 

10.20 

3.10 

.1680 

.1250 

.0900 

.0350 

0.89 
1.10 

.0550 

.0022 

2.60 

Av. 

0.84 

9.97 

3.04 

.2452 

.1135 

.0615 

.0520 

.0295 

.0018 

?,.82 



Odor,  offensive. The  samples  were  collected  from  the  river  about  200  feet  belovc  the  iron  bridge, 

which  is  the  first  bridge  below  the  Quinsigamond  Iron  and  Wire  Works.  This  point  is  above  the  place 
where  the  effluent  from  the  Worcester  Sewage  Precipitation  Works  enters  the  river.  Previous  to  May, 
1890,  the  samples  were  collected  on  Tuesday,  with  the  exception  of  Nos.  5174,  5245,  5651  and  5865,  which 
were  collected  on  Wednesday.  All  samples  since  May  1,  1890,  have  been  collected  on  Monday.  Sam- 
ples numbered  4819,  5527,  5865,  6182,  6391,  6586,  6704  and  6796  were  collected  between  2.45  and  3.45  p.m. 
No.  5174  was  collected  at  12  m.  The  time  of  collection  of  6084  is  not  given.  All  other  samples  were 
collected  between  9.45  and  11.15  a.m. 
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BLACKSTONE    RIVER. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1889. 

1890. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination 

Number  of  sample,       .... 

12 

4819 

17 

494.5 

14 

5056 

12 
5174 

12 

5245 

14 
5346 

17 
5432 

15 
5527 

15         14 
5651     5777 

PLANTS. 
Diatomacese.    Tabellaria,  . 

Alg^.     Bulbochaste, 

Fungi 

Beggiatoa 

Cladothrix 

pr. 
0 

0 

0 
0 

0 

0 

0 

0 
0 

0 
49 

0 

0 
0 

0 
50 

0 

0 
0 

0 
0 

0 

0 
0 

0 
0 

0 

0 
0 

0 
0 

0 

0 
0 

0 
.0 

0 

0 
0 

0 
0 

0 

0 
0 

- 

ANIMALS. 

Infusoria,        .       .       .       . 

Ciliated  infusorian, 

I'eridinium, 

Trachelomonas,       .... 

0 

0 
0 
0 

pr. 
0 
0 

pr. 

0 
0 
0 
0 

8 

5 
0 
3 

0 
0 
0 
0 

1 

0 

1 

0 

0 
0 
0 
0 

5 

0 
5 
0 

0 

0 
0 
0 

- 

Total  Organisms,    . 

pr. 

pr.         49 

58 

0 

1 

0 

5 

0 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

15 

14 

18 

9 

13 

9 

14 

11 

10 

Number  of  sample,  .... 

5865 

5965 

6084 

6182 

6391 

6482 

6586 

6704 

6796 

PLANTS. 

Diatomaceae.    Tabellaria, 

0 

0 

0 

0 

0 

0 

0 

11 

0 

Algae.    Bulbochsete,      . 

0 

" 

0 

0 

0 

0 

0 

0 

0 

Fungi, 

0 

0 

0 

0 

30 

0 

70 

224 

96 

Beggiatoa, 

Cladothrix, 

0 
0 

0 
0 

0 
0 

0 
0 

0 
30 

0 
0 

0 
70 

0 
224 

96 
0 

ANIMALS. 

Infusoria, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ciliated  infusorian, 
Peridinium,  ..... 
Trachelomonas 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Total  Organisms, 

0 

0 

0 

0 

30 

0 

70 

224 

96 
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BL,ACKSTO]S"E    RIVER. 

Chemical  Examination  of  Water  from  the  Blackstone  River,  below  the  Worcester 
Sewage  Precipitation  Works. 

[Parts  per  100,000.] 


Date  of 

i        Appeakance. 

Residue  on 
Evapora- 

Ammonia. 

Nitrogen 
as 

tion. 

o 

s 

O 

s 
o 

o 

Q 

o 

■3 
S 

3 

E-i 

1 

CO 

o 
o 
O 

"3 
o 

H 

a 
S. 

3  = 

o  5 

O 

u 

Albuminoid. 

« 

^ 

S 

!? 

a 

3 
IZi 

> 
o 

s 

■d 

•a 

1  ^ 

So. 

02 

c 

03 

as 

isjoo. 

6321 

July  30 

July  31 

Dec'd. 

Heavy. 

0.90 

.13.10 

3.30 

.4320 

.1980 

.0880 

.1100 

2.18 

.0100 

.0001 

- 

6392 

Aug.  11 

Aug.  13 

Dec'd, 

Very 

0.80 

12.80 

4.10 

.3400 

.1720 

.0800 

.0920 

1.90 

.0100 

.0001 

3.77 

6483 

Sept.  8 

Sept.  9 

op'q'e. 
Dec'd. 

heavy. 
Heavy. 

1.00 

10.60 

2.80 

.2320 

.0730 

.0330 

.0400 

0.98 

.0450 

.0038 

2.99 

6585 

Oct.   13 

Oct.  14 

Dec'd. 

Heavy. 

0.70 

10.00 

2.60 

.2600 

.1630 

.0910 

.0720 

1.26 

.0500 

.0025 

2.86 

6705 

Nov.  10 

Nov.  11 

Dec'd. 

Heavy. 

1.40 

10.30 

2.70 

.2200 

.1380 

.0810 

.0570 

1.03 

.0320 

.0040 

3.25 

6797 

Dec.    8 

Dec.    9 

Dec'd. 

Heavy. 

0.90 

11.80 

3.70 

.2320 
.2860 

.1620 

.0990 

.0630 

1.28 
1.44 

.0600 

.0026 

2.73 

Av. 

0.95 

11.43 

3.20 

.1510 

.0787 

.0723 

.0345 

.0022 

3,7? 

Odor,  offensive. The  samples  were  collected  from  the  river  above  Millbury  and  below  the  point 

where  the  effluent  from  the  Sewage  Precipitation  Works  of  the  city  of  Worcester  enters  the  river.  The 
samples  were  collected  between  2.45  and  3.45  p.m.,  with  the  exception  of  No.  6483,  which  was  collected 
at  10.45  A.M.    Sample  No.  6321  was  collected  on  Wednesday;  the  others  on  Monday. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Aug. 


Sept. 


Day  of  examination. 
Number  of  sample, 

PLANTS. 
Diatomacese,    . 

AHterionella, 

Nitzchia,      .        .        .        . 

Synedra,      .... 

Cyanophycese.    Oscillaria, 

Fungi.    Cladothrix,     . 

ANIMALS. 
Infusoria.    Dinobryon,     . 

Total  Organisms, 


2 
6321 


6483 


14 

6585 


11 

6705 


10 

6797 


0 
138 


268 


138 


280 
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BLACKSTONE   RIVER. 

Chemical  Examinatio?i  of  Water  from  the  Blacksto7ie  Biver,  at  Uxbridge. 

[Parts  per  100,000.] 


4829 
4948 
5059 
5161 
5236 
5345 
6433 

6533 
5633 
6778 
6900 
6966 
«)78 

8188 

6314 
6396 

6485 
6584 

6708 
6801 


18 

June  13 

July  17 
Aug.  14 
Sept.  11 
Oct.  9 
^ov.  11 
Bee.  11 

IS 

Jan.  15 

Feb.  12 
Mar.  12 
Apr.  16 
May  13 
June  17 

July    8 

July  30 
Aug.  13 

Sept.  9 
Oct.  14 

Not.  11 
Dec.    9 


Av. 


89. 

June  13 

Jiily  17 
Aug.  14 
Sept.  11 
Oct.  9 
Kov.  13 
Dec.  11 

90. 

Jan.  16 

Feb.  12 
Mar.  13 
Apr.  17 
May  13 
June  18 

July    9 

July  30 
Aug.  14 

Sept.  9 
Oct.  14 

Nov.  11 
Dec.  11 


Appearance. 


Dist't. 
Slight, 
Dist't. 
Slight. 
V.sl't. 
Dec'd. 
Dec'd. 

Dist't. 
Dec'd. 
Dist't. 
Slight. 
Dec'd. 
Dist't. 

Slight, 

Slight, 
Slight, 

Dist't. 
Dist't. 

Dist't. 
Dec'd 


Cons. 

Slight 

Cons. 

Slight. 

Slight, 

Slight 

Slight, 

Slight. 
Cons. 

Cons. 

Cons. 

Cons, 
rusty. 

Slight, 
rusty 

Cons. 

Cons., 
rusty 

Cons. 

Heavy, 
rusty. 

Cons. 

Slight. 


0.20 
0.50 
0.45 
0.30 
0.20 
0.30 
0.25 

0.00 
0.50 
0.00 
0.30 
0.20 
0.10 

0.15 

0.10 
0.30 

0.20 
0.50 

0.45 
0.40 


Residue  on 
Evapora- 
tion.   , 


0.27 


8.70 
10.10 

9.25 
8.20 

7.70 
7.00  1.25 


1.70 
3.00 

2.00 
2.30 


8.27 


1040 
1360 
0520 
1000 
1480 
1400 
0640 

,0880 
,0600 
.0720 
.0600 
.0760 
.1400 

.2200 

.1920 
.2320 

.1680 
.1320 

.0560 
.0224 


.0410 
.0330 
.0290 
.0210 
.0320 
.0130 
.0360 

.0100 
.0230 
.0130 
.0350 
.0260 
.0230 

.0210 

.0260 
.0250 

.0200 
.0280 


.1131 


.0068  .0342 
.0340  .0010 
.0080 

.0250 '.0070 
0100  .0030 
0230  .0130 

,0060  .0040 
.0130  .0100 


0080 
,0220 
,0200 
.0180 


.0050 


.0060 
.0050 


.0170  .0090 
.0210  .0040 


.0140 
.0240 


.0190  .0070 
.0094  .0064 


.0060 
.0040 

.0120 
.0030 


.0077 


.84 
.97 

.88 
.65 

1.06 
0.74 

0.67 


'A 


"A 


0250 
.0450 
.0220 
.0680 
.0180 
.0220 
.0300 

.0350 
.0300 
.0180 
.0250 
.0200 
.0300 

.0120 

.0040 
.0080 

.0400 
.0650 

.0220 
.0450 


,0302 


0014 
0008 
.0017 
.0004 
0005 
0007 
0007 

0007 
0004 
.0008 
.0009 
.0007 
.0007 

.0002 

.0002 
.0004 

.0005 
.0006 

.0012 
.0010 


.0007 


3.38 
3.51 

3.12 
2.47 

2.99 
2.47 


Odor,  musty  and  disagreeable,  frequently  offensive. The  samples  were  collected  from  the  canal 

from  the  upper  dam  of  the  Calumet  Woolen  Company,  just  before  the  water  passes  the  screens  to  the 
■wheels. 
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BLACKSTONE   RIVER. 

Microscopical  Examination, 

[Number  of  organisms  per  cubic  centimeter.] 


1$S9. 

1S90. 

June. 

July. 

Aug. 

Sept. 

Oct. 

X0¥. 

Dec. 

Jan. 

Feb. 

Mar. 

Day  of  examination 

13 

17 

14 

11 

10 

13 

- 

16 

14 

15 

Number  of  sample 

4829 

4948 

5059 

5161 

5236 

5345 

5433 

5533 

5633 

5778 

PLANTS. 

Diatomacese,        .... 

4 

2 

13 

9 

5 

1 

- 

0 

2 

0 

Asterionella, 

Synedra, 

Tabellaria, 

0 
2 
2 

0 
0 
2 

6 
5 
2 

0 
4 
5 

0 

pr. 

5 

0 
1 
0 

~ 

0 
0 
0 

2 
0 
0 

0 
0 
0 

Algae.    Chlorococcus, 

4 

10 

0 

2 

6 

0 

- 

0 

0 

0 

ANIMALS. 

Infusoria, 

1 

23 

1 

103 

16 

0 

- 

pr. 

0 

0 

Dinobryon 

Peridinium, 

Trachelomonas,       .... 

1 
pr. 

0 

21 
2 
0 

0 

1 

0 

101 

2 

pr. 

16 
0 
0 

0 
0 
0 

: 

pr. 
0 
0 

0 
0 
0 

0 
0 
0 

Vermes.    Polyarthra, 

0 

0 

0 

2 

0 

0 

- 

0 

0 

0 

Porifera.    Sponge  spicules,   . 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

Total  ORGANisais,    . 

9 

35 

14 

116 

27 

1 

- 

0 

2 

0 

April. 


May.  I  June. 


July. 


Aug. 


Sept. 


Oct. 


Day  of  examination, 
Number  of  sample. 


19 
5900 


18 
6078 


10 

6188 


14 
6396 


9 

6485 


14 
6584 


12 
6708 


PLANTS. 
Diatomacese,  . 

Asterionella,     . 
Synedra,    .        .        . 
Tabellaria, 

Algae.    Chlorococcus, 

.      ANIMALS. 

Infusoria, 

Dinobryon, 
Peridinium, 
Trachelomonas, 

Vermes.    Polyarthra, 

Porifera    Sponge  spicules, 


25 


Total  Organisms, 


16 


No.  34.] 


EXAMINATION  OF  RIVERS. 


301 


BIiACKSTO]S:E   BIVER. 

Chemical  Examination  of  Water  frora  the  Blackstone  River  at  Millville, 

Blackstone. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

ai 

c 

0 
0 

Nitrogen 
as 

"o 

S 

X 

•3 
1 

1 
-3 

u 

o 
o 

■3 
0 

5 

m  1—* 

0 

I-) 

£ 

Albuminoid.   | 

1 

S 

a 

3 

'A 

1 

S 

3  » 

a 
"S 

03 

18 

89. 

4830 

June  13 

June  14 

Dec'd. 

Cons. 

0.20 

4.70 

1.20 

.0560 

.0630 

.0440 

.0190 

.36 

.0150 

.0000 

- 

4959 

July  19 

July  20 

Dist't. 

Slight. 

0.50 

- 

- 

.0510 

.0200 

.0180 

.0020 

.44 

.0050 

.0005 

- 

5064 

Aug.  15 

Aug.  15 

Slight. 

Slight. 

0.60 

- 

- 

.0224 

.0216 

.0196 

.0020 

.38 

.0200 

.0005 

- 

5175 

Sept.  12 

Sept.  13 

Slight. 

Slight. 

0.40 

- 

- 

.0320 

.0240 

.0190 

.0050 

.51 

.0250 

.0003 

- 

5241 

Oct.  9 

Oct.  10 

Slight. 

Slight. 

0.30 

- 

- 

.0960 

.0170 

.0150 

.0020 

.55 

.0220 

.0002 

- 

5350 

Nov.  14 

Nov.  15 

Dist't. 

Slight. 

0.30 

- 

- 

.0424 

.0180 

.0122 

.0058 

.47 

.0130 

.0003 

- 

5440 

Dec.  13 
18 

Dec.  13 
90. 

Slight. 

Slight. 

0.90 

- 

- 

.0256 

.0248 

.0220 

.0028 

.89 

.0200 

.0002 

- 

5546 

Jan.  17 

Jan.  18 

Dist't. 

V.sl't. 

0.55 

- 

- 

.0560 

.0292 

.0244 

.0048 

.49 

.0300 

.0005 

- 

5681 

Feb.  15 

Feb.  17 

Dec'd. 

He'vy. 

0.20 

- 

- 

.0342 

.0172 

.0084 

.0088 

.37 

.0250 

.0003 

- 

5787 

Mar.  14 

Mar.  14 

Slight. 

Slight. 

0.30 

- 

- 

.0232 

.0180 

.0136 

.0044 

.36 

.0250 

.0005 

- 

5878 

Apr.  11 

Apr.  12 

Slight. 

Cons. 

0.40 

- 

- 

.0232 

.0174 

.0140 

.0034 

.28 

.0250 

.0003 

- 

5989 

May  16 

May  17 

Dist't. 

Slight. 

0.40 

- 

- 

.0456 

.0262 

.0184 

.0078 

.35 

.0120 

.0004 

- 

6103 

June  19 

June  20 

Slight. 

Slight. 

0.25 

- 

- 

.0480 

.0198 

.0176 

.0022 

.39 

.0250 

.0003 

1.10 

6206 

July  11 

July  12 

Slight. 

Slight. 

0.20 

5.50 

- 

.1096 

.0178 

.0138 

.0040 

.43 

.0125 

.0001 

2.08 

6333 

Aug.  1 

Aug.  2 

Slight. 

Cons. 

0.05 

7.05 

2.70 

.1384 

.0222 

.0186 

.0036 

.60 

.0080 

.0003 

2.21 

6414 

Aug.  16 

Aug.  18 

Dist't. 

Cons. 

0.30 

8.50 

2.90 

.0376 

.0054 

.0044 

.0010 

.73 

.0250 

.0001 

3.64 

6495 

Sept.  10 

Sept.  11 

Slight. 

Cons. 

0.20 

7.55 

2.75 

.0800 

.0268 

.0206 

.0062 

.60 

.0400 

.0005 

2.08 

6613 

Oct.  16 

Oct.  17 

Slight. 

Cons. 

0.40 

5.80 

1.45 

.0504 

.0236 

.0170 

.0066 

.47 

.0200 

.0005 

2.34 

6716 

Nov.  11 

Nov.  12 

Slight. 

Slight. 

0.45 

5.85 

1.40 

.0512 

.0216 

.0144 

.0072 

.50 

.0300 

.0005 

2.47 

6803 

Dec.  10 

Dec.  11 

Slight. 

Slight. 

0.70 

6.10 

2.65 

.0658 

.0288 

.0256 

.0032 

.45 
.46 

.0350 

.0007 

2.08 

Av. 

0.38 

6.81 

2.31 

.0544 

.0231 

.0180 

.0051 

.0216 

.0003 

9..9.f< 

Odor,  generally  musty  and  disagreeable. The  samples  were  collected  from  the  river  at  the 

bridge,  just  above  the  dam,  in  the  village  of  Millville.    Heavy  rains  occurred  just  previous  to  the  collec- 
tion of  samples  numbered  5064,  5175,  5440,  5681,  5787,  5878,  6495. 
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BLACKSTOISrE    RIVER. 

Microscopical  Examination. 

[Number  of  organisms  i)er  cubic  centimeter.] 


Day  of  examination,    . 
Number  of  sample, 

PLANTS. 
Diatomacese, . 

Asterionella,    . 
Ceratoneis, 

Synedra 

Tabellarla, 

Cyanophycese.    Anabsena, 

Algae.    Ciilorococcus, 

Fungi.    Crenotbrlx, 

ANIMALS. 
Infusoria, 

Diuobryon, 

Monas,       .... 

Perldinium, 

Trachelomonas, 

Porifera.    Sponge  spicules, 

Total  Organisms,    . 


14 
4830 


July. 


20 
4959 


Aug.  Sept, 


15 
5064 


13 
5175 


10 
5241 


16 
5350 


14 
5440 


22 
5546 


18 
5681 


15 

5787 


pr. 


9 

104 


0 
250 


2 

0 

pr. 


pr. 

108 

pr. 

22 

pr. 

0 

pr. 

0 

0 

pr. 

108 

0 

22 

pr. 

0' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

170 

10 

135 

14 

252 

2 

10 

2 

1890. 

April. 

May. 

June. 

July. 

Aug. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,     .... 

15 

20 

27 

12 

2 

19 

11 

18 

13 

12 

Number  of  sample,       .... 

5878 

5989 

6103 

6206 

6333 

6414 

6495 

6613 

6716 

6803 

PLANTS. 

Diatomacese, 

0 

25 

2 

31 

1 

34 

20 

2 

8 

7 

Asterionella, 

Ceratoneis 

Synedra 

Tabellarla,         .        .        . 

0 
0 
0 
0 

10 
0 

15 
0 

0 
2 
0 
0 

0 

8 

10 

13 

0 
0 
0 

1 

0 

0 

18 

16 

0 
0 
10 
10 

0 
0 
2 
0 

2 

0 

6 

pr. 

2 
0 
5 
0 

Cyanophycese.    Anaba3na, . 

0 

0 

0 

0 

0 

18 

2 

0 

0 

0 

Algse.    Chlorococcus, 

0 

1 

0 

16 

5 

40 

0 

0 

0 

0 

Fungi.    Crenotbrlx 

1 

2 

16 

pr. 

191 

40 

22 

22 

0 

0 
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BLACKSTOXE    RIVER. 

Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

April. 

May. 

Jane. 

July. 

Aug. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Infusoria, 

0 

g 

0 

76 

6 

8 

49 

0 

3 

pp. 

Dinobryon,       .        ... 

Monas, 

Peridinium,       .         .        .        . 
Trachelomonas 

0 
0 
0 
0 

8 
0 
0 

1 

0 

0 
0 
0 

71 

3 

2 

pr. 

0 
0 
0 
6 

6 
0 
2 
0 

48 
0 
0 
1 

0 
0 
0 
0 

3 
0 
0 
0 

pr. 
0 
0 
0 

Porifera.    Sponge  spicules,    . 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

Total  Organisms, 

1 

37 

18 

123 

203       140 

93 

24 

16 

7 

Charles  Eiver. 

Note.  —  For  analyses  of  the  water  of  this  river  at  Newton,  Waltham  and  Watertown,  see  pages 
214,  261  and  264. 

Chemical  Examination  of  Water  from  the  Charles  Paver,  at  Milford. 

[Parts  per  100,000.] 


6266 
6303 


18  90. 

July  21    July  22 

July  28    July  29 


Appearance. 

Kesidue  on 

EVAPOEA- 

Ammonia. 

Nitrogen 

I 

TION. 

s 

>. 

■4-S 

5 

Albuminoid. 

•6 

•a 
3 

2 

u 

o 

■=5) 

d 

> 

■a  ■ 
1  c 

•^ 

?. 

S 

J3 

H 

tn 

O 

B 

iJ 

P^ 

f-i 

C 

CO 

2.94 

"A 

'A 

V.  sl't. 

Slight. 

0.35 

11.60 

_ 

.1570 

.0448 

.0372 

.0076 

.0020 

.0007 

V.  sl't. 

Slight. 

0.40 

10.20 

2.80 

.1320 

.0450 

.0330 

.0120 

1.32 

.0350 

.0177 

3.12 


Odor,  vegetable  and   mouldy. The  samples  were  collected  from  the  river  at  the  first  railroad 

bridge  below  Milford,  about  one  mile  below  the  main  portion  of  the  town. 


Microscopical  Examiiiation. 

No.  6266.  T)\dXoxn&ceiB,  Synedra,  \;  Tabellaria,^T.  Algse,  Chlorococcus,  2.  Fungi,  Crenothrix, 
73.    Infusoria,  Peridinium,  pr.    Total  organisms,  76. 

No.  6303.  Diatomacese,  Cocconei-t,  in.;  Nuvicula,  1;  Synedra,  pr.  Cyanophyceaj,  Chroii coccus,  9. 
Algae,  Chlorococcun ,  pr. ;  Zygogonimn,  pr. ;  Caelastrum,  pr.;  Characium,  pr.  Fungi,  Crenothrix,  hi . 
Infusoria,  Vorticetla,  pr.    Total  organisms,  67. 
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CHARLES    RIVER. 

Chemical  Examination  of  Water  from  the  Charles  River,  at  South  Natick. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidde  on 
Evapora- 

Ammonia. 

Nitrogen 

tion. 

c 

^ 

^ 

c 

Albuminoid. 

•a 

-a 

.Q 

a 

o 

03 
•A 

2 
3 

■5 

a 

s 

S'5 

o 

> 
"3 

•3 

^ 

1 

S 

'A 

O 

H 

ui 

O 

H 

^ 

fa 

H 

Q 

05 

Iz; 

iz; 

18 

90. 

■ 

, 

6263 

July  19 

July  21 

V.sl't. 

None. 

0.40 

3.85 

- 

.0006 

.0226 

.0220 

.0006 

.36 

.0020 

.0003 

6293 

July  28 

July  28 

Slight. 

Slight. 

0.30 

4.00 

1.55 

.0016 

.0288 

.0250 

.0038 

.35 

.0020 

.0003 

1.83 
1.95 


Odor,  vegetable. The  samples  were  collected  from  the  river  Just  above  the  dam  at  South  Natick. 

Microscopical  Examination. 

No.  6263.  Diatomacese,  Ceratoneis,2',  Melosira,  pr.;  Nitzchia,  pr. ;  Synedra,  1;  Tabellaria,  pr.i 
Algse,  Chlorococcus,  13;  Coelastrum,  1;  Raphidium,  2;  Scenedesmus,  pr.;  Staurogenia,  pr.  Fungi, 
Crenothrix,  20.    Infusoria,  Peridinium,  12.     Total  organisms,  51. 

No.  6293.  Diatomacese,  Synedra,  2.  Algse,  Chlor^ococcus,  10;  Calaatrum,  1;  Conferva,  pr.;  (7os- 
marium, 'pr.  Fungi,  Crenothrix,  29.  Infusoria,  Dinobryon,  2;  ^wgrJe^ia,  pr.;  PeridmiMm,  1;  Synura^ 
23;  TracJieloniorbafitpr.    Total  organisms,  68. 


Chicopee  River. 

Analyses  of  water  from  the  Chicopee  River,  at  Chicopee  Falls,  may 
be  found  on  pages  128  and  129. 


Connecticut  River. 

Chemical  Examination  of  Water  from  the  Connecticut  River,  above  Turner'' s  Falls, 

in  Montague, 

[Parts  per  100,000.] 


Date  op 

APPEARAHC 

E. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

^ 

Albuminoid. 

i 

o 
S 

O 

1  ^ 

a-S 
1 

'2 
S 

3 

u 

o 
"3 

"3 

o 

o 

6 
g 
fa 

o 

■3 
3 

•6 
-S 

=  p. 

CO 

.S 
0 

0 

-2 

■s 

03 

18 

89. 

4838 

June  14 

June  15 

Dist't. 

pons. 

0.40 

4.80 

1.60 

.0024 

.0156 

.0130 

.0026 

~ 

.0050 

.0001 

~ 

Odor,  none. The  sample  was  collected  from  the  river  above  the  bridge  at  Turner's  Falls. 


Microscopical  Examination. 

Diatomacese,  Ceratonels,!;  dlelosira,  2;  Synedra, 10;  Tabellaria,  Z.    Total  organisms,  16. 
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HOOSAC   RiVEE. 

Chemical  Examination  of  Water  from,  the  Hoosac  River,  at  Williamstown. 

[Parts  per  100,000.] 


Date  op 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

c 
o 

s 

Nitrogen 

AS 

a 
o 

S 

■A 

3 
o 
Eh 

a) 

a 

-a 
03 

u 
o 
o 

O 

o 

S 
1 

03 

Albuminoid. 

1 

u 

a 

o 

> 
O 

5 

•a 

•a 

3  O. 
CO 

18 

90. 

6277 

July  22 

July  23 

Slight. 

Cons., 
earthy. 

0.10 

14.15 

~ 

.0216 

.0276 

.0174 

.0102 

.37 

.0250 

.0010 

11.65 

6362 

Aug.    5 

Aug.    6 

Dist't. 

Cons., 
e'thySc 
floc't. 

0.15 

14.85 

2.65 

.0294 

.0270 

.0214 

.0056 

.35 

.0400 

.0021 

13.16 

6442 

Aug.  26 

Aug.  27 

Dist't. 

Slight, 

0.30 

12.30 

2.20 

.0028 

.0298 

.0200 

.0098 

.23 

.0200 

.0045 

9.20 

earthy. 

.35 

Av. 

0.18 

13.77 

2.42 

.0179 

.0281 

.0196 

.0085 

.0283 

.0025 

11.34 

Odor,  vegetable  and  musty. The  samples  were  collected  from  the  river,  at  the  bridge  near  the 

Williamstown  Station  on  the  Mtchburg  Railroad. 


Microscojncal  Examination . 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Aug. 


Day  of  examination 

Number  of  sample,   .        .        .        . 

PLANTS. 
Diatomaceee,       .       .       .       . 

Ceratoneis, 

Navicula, 

Synedra, 

Algse, 

Chlorococcus,        .        .        .        . 

Closterium 

Cosmarium 

Fungi.    Crenothrix, 

ANIMALS 

Infusoria, 

Euglena, 

Monas, 

Peridinium, 

Trachelomonas,     .        .        .        , 
Vorticella, 

Total  Organisms,  . 


23 
6277 


27 
6442 


pr. 


pr. 
pr. 
pr. 
pr. 
1 
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Chemical  Examination  of  Water  from  the  West  Bra7ich  of  the  Housatonic  River, 

below  Pittsfielcl. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

c 

^ 

Albuminoid. 

o 

^^ 

^ 

■a 

■c 

ffl 

M 

^ 

1 

1 

a- 

S 

3 

i 

3 

og) 

.    oj 

"3 

> 

o 

I 

iJ 
'C 

G 

■H 

o 

o 

j= 

S2; 

O 

H 

H 

CO 

o 

H 

J 

fe 

f-i 

P 

cc 

o 

z; 

iz; 

K 

18 

90. 

6824 

July  23 

July  24 

Dec'd. 

He'vy. 
e'rthy, 
floc't. 

0.50 

14.05 

.0018 

.0666 

.0374 

.0292 

.23 

.0020 

.0005 

8.3 

6476 

Sept.  4 

Sept.  8 

Dec'd. 

Cons. 

0.35 

16.05 

- 

.0094 

.0466 

.0264 

.0202 

.33 

.0950 

.0180 

10.4 

Odor,  vegetable  and  disagreeable. The  samples  were  collected  from  the  river,  near  the  South 

Street  bridge,  a  short  distance  above  the  confluence  of  the  east  and  west  branches. 

Microscopical  Examination. 

No.  6284.    Infusoria,  Peridiniuni,  2.    No.  6476.    Diatomaceae,  Synedra,  6.    Algae,   Sorastrum,  2. 
Infusoria,  Monas,  2;  Tracheloinonns,  2.    Total  organisms,  12. 


Chemical  Examination  of  Water  froTn  the  Housatonic  River,  below  the  Confluence 
of  the  East  a7id  West  Branches. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidueon 
Evapora- 

Ammonia. 

Nitrogen 
as 

c 

. 

a 
o 

Albuminoid. 

o 

S 

>. 

•a 

-o 

m 

CO 

3 

1 

■a 
3 

a 

o 

s 

°J 

« 

« 

> 
o 

■o 

a 
o 

-2 

2 

1 

'A 

O 

a 

^ 

m 

O 

H 

>-; 

iu 

H 

Q 

as 

O 

Izi 

!2i 

w 

18 

90. 

6328 

July  31 

Aug.    1 

V  sl't. 

Cons., 
earthy. 

0.30 

12.15 

1.80 

.0132 

.0220 

.0184 

.0036 

.26 

.0070 

.0006 

9.S 

Odor,  vegetable  and  musty. The  sample  was  collected  from  the  river,  at  the  first  bridge  below 

the  confluence  of  the  east  and  west  branches. 


Microscopical  Examination. 

Diatomaceae,  Synedra,  Z.    Cyanophyceas,  OsciUaria,'pr.    Algae,  Clo'iterium,'pr.;  Scenedesnncs,  ipr. 
Fungi,  Crenothrix,  148.    Infusoria,  Trachelomonas,  pr.    Total  organisms,  151. 
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Chemical  ExaminaLion  of  Water  from  the  Housatonic  Eiver,  at  Great  Barrington. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

0 
Is 
0 

i^ITEOGEN 
AS 

o 
"o 

s 

i 

•3 

o 
o 
O 

"3 

s 

o  5) 
o 

Albuminoid. 

g 

S 

3 
55 

■3 
0 

Eh 

0 

s 

•a 

"a 

1  c 

So. 

1 

18 

90. 

6289 

July  24 

July  25 

Slight. 

Slight. 

0.05 

13.25 

- 

.0034 

.0210 

.0148 

.0062 

.25 

.0050 

.0003 

10.52 

6320 

July  30 

July  31 

V.sl't. 

Cons. 

0.10 

13.05 

- 

.0022 

.0178 

.0140 

.0038 

.22 

.0150 

.0004 

10.15 

6443 

Aug.  25 

Aug.  27 

V.sl't. 

V.sl't. 

0.35 

11.. 55 

2.70 

.0046 

.0206 

.0176 

.0030 

.20 
.22 

.0160 

.0003 

9.51 

Av. 

O.IT 

12.62 

- 

.0034 

.0198 

.0155 

.0043 

.0120 

.0003 

10.06 

Odor,  vegetable. The  samples  were  collected  from  the  Housatonic  River,  at  the  Leavitt  Street 

bridge,  below  the  village. 


Mici'oscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


Aug. 


Aug. 


Day  of  examination 

Number  of  sample 

PLANTS. 
Diatomacese 

Navicula, 

Synedra 

Cyanophycese.    Chroococcus, 

Algse 

Chlorococcus 

CojJastrum, 

Raphidium, 

Spirogyra 

Fungi.     Crenothrix, 

ANIMALS. 
Infusoria.    Peridiuium, 

ToTA/i  Organisms,  . 


25 
6239 


6320 


6443 


pr. 


26 

0 

•:> 

0 

21 

0 

1 

0 
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merrimack  river. 

Merrimack  River. 

Analyses  of  the  Merrimack  River  at  Lowell  are  given  on  pages 
179-181,  and  at  Lawrence  on  pages  163  and  164.  The  volumes  of 
water  flowing  in  the  river  at  the  times  when  samples  were  collected 
for  analyses  are  given  on  page  174. 

Nashua  River. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River,  just 
above  its  Confluence  ivith  the  South  Branch,  at  Lancaster. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

"n 

o 
!S 

o 

Nitrogen 

AS 

5 
o 

S 
Ed 

■3 
3 

1 
•a 

o 

o 

O 

3 

o 

c 
o 

3 

£ 
fe 

Albuminoid. 

as 
u 

s 

3 

"3 
o 

o 

5 

•a 
I  ^ 
So. 

1 

=8 

18 

90. 

6287 

July  24 

July  25 

Dist't. 

Cons. 

0.30 

8.70 

- 

.0192 

.0334 

.0290 

.0044 

.86 

.0150 

.0008 

3.0 

6334 

Aug.   1 

Aug.   2 

Dec'd. 

Cons. 

0.40 

7.15 

2.10 

.0120 

.0332 

.0282 

•0050 

.57 

.0120 

.0016 

2.6 

6358 

Aug.   4 

Aug.    5 

Slight. 

Slight. 

0.30 

6.70 

2.20 

.0076 

.0326 

.0274 

.0052 

.59 

.0300 

.0011 

2.3 

6369 

Aug.   5 

Aug.    6 

Very 
slight. 

Slight. 

0.40 

6.60 

2.10 

.0118 

.0322 

.0262 

.0060 

.58 

.0250 

.0016 

2.7 

6375 

Aug.    6 

Aug.    7 

Slight. 

Slight. 

0.50 

6.65 

2.10 

.0078 

.0318 

.0264 

.0054 

.51 
.62 

.0250 

.0017 

2.2 

Av. 

0.38 

6.77 

2.12 

.0117 

.0326 

.0274 

.0052 

.0214 

.0014 

9..ei 

Odor,  vegetable. The  samples  were  collected  from  the  north  branch  at  the  railroad  bridge,  about 

a  third  of  a  mile  above  the  confluence  of  the  north  and  south  branches. 


Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


1890. 

July. 

Aug. 

Aug. 

Aug. 

Aug. 

Day  of  examination,         .... 

25 

5 

6 

6 

6  . 

Number  of  sample,    .        .        .        . 

6287 

6334 

6358 

6369 

6375 

PLANTS. 

Diatomaceae 

43 

23 

38 

37 

33 

Asterionella, 

Melosira,        ...... 

Navicula, 

Synedra, 

15 

9 

12 

7 

2 

0 

5 

16 

12 
0 
2 

24 

6 
0 
10 

21 

6 
6 
2 
19 

Cyanophycese.    Oscillaria,     . 

0 

pr. 

-      4 

0 

0 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Aug. 


Aug. 


PLANTS  —  Con. 
Algse,      .... 

Chlorococcus, 
CcBlastrum,  . 
Pediastrum,  . 
Raphidium,  . 
Scenedesmus, 
Staurastrum,  .  ,  . 
Staurogenia, . 

Fungi.    Crenothrix, 

ANIMALS. 
Infusoria, 

Dinobryon,    . 
Peridinium,   . 
■    Trachelomonas,    . 


102 

54 


26 

22 
pr. 
pr. 
0 
3 
1 
0 


154 

130 
2 
0 
12 
2 
4 
4 


85 


Total  Organisms, 


208 


138 


131 


Chemical  Exami7iation  of  Water  from  the  South  Branch  of  the  Nashua  Eiver, 
just  above  its  Confluence  with  the  North  Branch,  at  Lancaster, 


[Parts  per  100,000.] 

* 

Date  op 

Appearance. 

Residue  ON 
Evapora- 
tion. 

Ammonia. 

0 

c 

1 

Si 
0 

.29 

NiTEOGEN 

AS 

c 
o 

o 

.2 

CS 

•y'. 

1 

1 
■3 

an 

u 

o 

o 

■3 

1 

S 

0 

1 

Albuminoid. 

1 

S 

s 

3 

'A 

t 
0 

El 

"2 
> 

0 

S 

■§ 
1  a 
3  P. 

CO 

S3 

6288 

18 

July  24 

90. 

July  25 

Dist't. 

Cons. 

0.20 

5.45 

_ 

.0192 

.0270 

.0220 

.0050 

.0025 

.0005 

1.6 

6335 

Aug.    1 

Aug.   2 

Dist't. 

Cons. 

0.20 

4.35 

1.95 

.0128 

.0294 j. 0202 

.0092 

.22 

.0120 

.0001 

1.4 

6368 

Aug.    5 

Aug.    6 

V.sl't. 

Cons. 

0.40 

4.55 

1.60 

.0138 

.0294 

.0198 

.0096 

.34 

.0150 

.0003 

1.8 

6376 

Aug.    6 

Aug.   7 

Slight. 

Cons. 

0.40 

5.15 

2.00 

.0190 

.0294 

.0232 

.0062 

.39 
.31 

.0120 

.0004 

1.9 

Av 

0.30 

4.68 

1.85 

.0162 

.0288 

.0213 

.0075 

.0104 

.0003 

1  7 

Odqr,  vegetable  and  musty. The  samples  were  collected  from  the  south  branch,  at  the  Atherton 

bridge. 
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ISrASHUA   RIVER. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Aug. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,    . 

Asterionella, 

Cyclotella,  .... 
Melosira,  .  .  .  . 
Navicula,  .  " . 
Pinnularia, .... 
Synedra,  .  .  .  ' . 
Tabellaria, 

Cyanophycese, 

Aphanocapsa,    . 
Chroococcus,      .        .     •  . 

Algse 

Chlorococcus,    . 
Ccelastrum, 
Pediastrum, 
Scenedesmus, 

Fungi.    Crenotlirix,    . 

ANIMALS. 
Rhizopoda.    Actinophrys, 

Infusoria,  .... 

Dinobryon,         .        .        . 
Peridinium, 
Traclielomonas, 
Vorticella,  .... 

Total  Organisms, 


25 

6288 


5 
6335 


6368 


6376 


218 

138 

4 

32 

13 

pr. 

28 

3 


pr. 


pr. 
pr. 


74 


118 
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]s:eponset  riveb. 


Neponset  Kiver. 


Chemical  Examinatio7i  of  Water  from  the  Neponset  River,  at  Milton  Lower  Mills. 

[Parts  per  100,000.] 


Date  of 

APPEAKANCE. 

Residue  ON 
Evapora- 

Ammonia. 

NiTKOGBN 

tion. 

a 
o 
U 

o 
O 

c 

a-2 

3 
H 

1 

o 
o 

3 

o 

E-i 

c 
o 

o 

i 

1^ 

Albuminoid. 

? 
2 

2 
2 

a 

la 

"a 
o 

■o 
o 

5 

•6 

■a 

3  o, 

■a 

18 

90. 

6273 

July  22 

July  22 

Dist't. 

Slight. 

0.95 

10.50 

- 

.0612 

.1242 

.1218 

.0024 

1.02 

.0030 

.0012 

3.51 

6294 

July  28 

July  28 

Dist't. 

Cons. 

0.60 

8.25 

2.35 

.0136 

.0602 

.0308 

.0294 

1.15 

.0025 

.0007 

2.86 

6337 

Aug.   4 

Aug.   4 

Slight. 

Cons. 

0.60 

7.65 

2.20 

.0092 

.0398 

.0296 

.0102 

1.12 

.0075 

.0008 

2.86 

6437 

Aug.  26 

Aug.  26 

Slight. 

Cons. 

0.60 

8.75 

2.75 

.0168 

.0484 

.0390 

.0094 

1.29 
1.04 

.0150 

.0009 

3.90 

Av. 

0.69 

8.79 

2.43 

.0252 

.0681 

.0553 

.0128 

.0070 

.0009 

3.28 

Odor,  generally  musty  and  disagreeable. The  samples  were  collected  from  the  river,  at  Milton 

Lower  Mills. 

Microscopical  Examination. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


July. 


Day  of  examination, 
Number  of  sample, 

PLANTS, 
Diatomaceae,    . 

Asterionella, 

Epitheraia 

Navicula,     .... 

Pinnularia 

Syuedra,      .... 

Cyanophycese, 

Chrobcoccus, 

Oscillaria,   .... 

Alg83 

Chlorococcus,     . 

Eudorina,    .... 

Gonium,      .... 

Raphidiura, 

Scenedesmus, 

Spirogyra 

Fungi.    Crenothrix,    . 


23 
6273 


600 


29 
6294 


22 


14 
pr. 
0 
0 
0 
0 


190 


5 
6337 


334 

314 
5 
5 
4 
6 
0 


156 


26 
6437 


192 
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Microscopical  Examination  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


July.  July. 


Aug. 


ANIMALS, 
Infusoria,  .... 

Dinobryon, 

Euglena,      .... 

Monas,         .... 

Peridinium, 

Trachelomonas, . 

Total  Organisms, 


38 

34 

pr. 

2 

1 

1 


pr. 
0 
0 
4 


Stony  Brook. 

Chemical  Examination  of  Water  from  Stony  Brook,  at  Jamaica  Plain,  Boston. 


[Parts  per  100,000.] 


Odor,  musty. The  sample  was  collected  from  the  brook  at  the  Sturtevant  Blower  Works, 

Jamaica  Plain.     The  brook  was  full  from  recent  rains. 

Microscopical  Examination. 

Diatomacese,  Oymbella,  1;  Diatoma,  2;  Fragillaria,  3;  Navicula,  11;  Pleurosigma,  1;  Syiiedra,  3. 
Fungi,  Crenothnx,  15.    Total  organisms,  36. 

Che'inical  Examination  of  Water  from  Stony  Brook  at  Inlet  to  Conduit,  Eoxbury. 

[Parts  per  100,000.] 


Date  or 

Appearance. 

Residue  on 
Evapoea- 

Amsionia. 

Nitrogen 

AS 

TION. 

.S 

1    , 

d 
o 

S 

S 

!^ 

a 

S 
§1 

Albuminoid. 

i 

s 

■3 

■a 
> 

a 
•a 

i 

W 

l^H 

U 

K 

H 

03 

o 

H 

hJ 

fa 

H 

a 

m 

0 

'A 

'A 

18 

90. 

6359 

Aug.    5 

Aug.    5 

Dec'd. 

Heavy, 
rusty. 

0.15 

18.10 

3.55 

.0680 

.0450 

.0280 

.0170 

2.05 

.1250 

.0120 

8.14 

Odor,  decidedly  musty. The  sample  was  collected  from  the  brook  just  above  the  gate-house. 

Microscopical  Examination. 

Diatomacese,  Melosira,  4;   Stephanodiscus,  8;  Synedra,  6.    Fungi,    Orenothrix,  568.    Infusoria, 
Trachelomonas,  2.    Total  organisms,  588. 


No.  34.] 


EXAMINATION  OF  RIVERS.  313 

TAUTJiTTOlS^   RIVER. 


Taunton  River. 
Analyses  of  the  Taunton  River  at  Taunton  may  be  found  on  pages 
255  and  256. 

Chemical  Examination  of  Water  from  Mill  River,  at  Taunton. 

[Parts  per  100,000.] 


1 

Residue  ON 

Date  of 

APPEABANCE.           1 

Evapora- 

Ammonia. 

tion. 

S 

d 
o 

Albuminoid. 

a 

_o 

1  "* 

is 

3 

1 

o 

"a 

o| 

6 

■3 

"o 

•a 

0 

1 

1 

1 

i^ 

'A 

U 

a 

H 

CO 

O 

H 

J 

fe 

C 

m 

U 

IZ 

!z 

H 

18 

90. 

6282 

July  23 

July  24 

Slight. 

Cons., 
e'rthy, 
floc't. 

1.20 

8.00 

.1360 

.0760 

.0416 

.0344 

.98 

.0250 

.0021 

1.95 

6283 

July  23 

July  24 

Slight. 

Cons., 
e'rthy, 
floc't. 

1.20 

6.50 

" 

.0304 

.0508 

.03T0 

.0138 

.68 

.0125 

.0012 

1.76 

Odor,  decidedly  musty.  Sample  No.  6282  was  collected  from  the  river  just  above  the  last  dam  above 
its  confluence  with  the  Taunton  River.    No.  6283  was  collected  from  the  river  just  above  Weir  bridge. 

Microscopical  Examination 

No.  6282.  Diiitomacese,  PmwMtoria,  2;  /S'y?i«(^ra,  18.  Cyanophycese,  ^p/ia?iocap.sa,  2;  Oscillaria, 
2.    Algse,  Chlorococcus,  6;  Sphcerozo.sma,2.    Total  organisms,  32. 

No.  6283.  Diatomacese,  Jfavicula,  i;  Plnnularia,  4;  Cyclotella,  2;  Synedra,  6.  Algas,  Ohlo- 
rococcus,  6.  Fungi,  Crenothrix,  160.  luiuaoria,  Peridinium,  2;  Trachelomonas,  2.  Total  organisms, 
186. 

Ten  Mile  River. 

Chemical  Examination  of  Water  from  the  Ten  Mile  River,  at  Attlehorotigh. 

[Parts  per  100,000.] 


Date  of 

Appearance. 

Kesidde  on 
Evapora- 
tion. 

Ammonia. 

.5 
0 

Nitrogen 
AS         1 

c 
0 

0 

1  S 

2'" 

u 

a 
0 

OOI-H 

Albuminoid. 

rt 

Fl 

•3 

c 

S 

« 

■a 
> 
"o 

•a 
1  c 

c 

3 

X 

3 

£ 

0 

m 

3P. 

x: 

S 

03 

"A 

0 

&; 

ri 

CC 

u 

H 

>-] 

Pq 

Eh 

Q 

m 

0 

A 

z; 

« 

18 

90. 

- 

6272 

July  22 

July  22 

Slight. 

Cons., 
e'thy  & 
floc't. 

0.25 

4.20 

.0040 

.0442 

.0318 

.0124 

.43 

.0020 

.0003 

1.45 

Odor,  vegetable  and  grassy. The  sample  was  collected  from  the  river  immediately  in  front  of 

the  well  of  the  Attleborough  Fire  District.    The  river  was  said  to  be  very  low  on  account  of  a  prolonged 
drought. 

Microscopical  Examination. 

T)\aXomaceg3,  Epithemia,  b;  Oonphoneina,\;  3reloura,2;  Navicula,  2;  CijcloteUa,  3;  Si/nedrayU; 
Tabellaria,  2.  CyanophycesE,  Anabcena,  1;  Clathrocystia,  1.  Algae,  CMorococcuK,  53;  Closteriwn,  1; 
Scenedesmus,  4;  Sphcerozosma,  1;  Stcmrastnmi,  1.  Fungi,  Crenothrix,  92.  Infusoria,  Cyc/idiiim,  3; 
Dinobryon,153;  Peridinium,l(i;  Trachelomonas,^.    Vermes,  Potatorian  ova,  I.    Total  organisms,  354. 


SUMMARY 


WATER    SUPPLY    STATISTICS; 


KECOEDS  OF  RAINFALL  AND  FLOW  OF  STEEAMS. 


SUMMARY  OF  WATEE  SUPPLY  STATISTICS. 


The  summary  of  water  supply  statistics  given  on  pages  626-628 
of  Part  I.  of  the  special  report  of  the  Board  upon  the  Examination 
of  Water  Supplies,  1890,  represented  the  conditions  existing  at  the 
end  of  1889.  The  State  then  contained  25  cities  and  326  towns,  of 
which  all  of  the  cities  and  107  towns,  a  total  of  132  places,  were 
wholly  or  in  part  provided  with  a  public  water  supply. 

During  1890  a  public  water  supply  was  introduced  into  the  towns 
of  Andover,  Bradford,  Cottage  City,  Milton  andNeedham. 

The  towns  of  Marlborough,  Chicopee  and  Pittsfield  became  cities 
during  this  year,  so  that  at  the  end  of  1890  the  State  contained  28 
cities  and  323  towns,  of  which  all  of  the  cities  and  109  towns,  a  total 
of  137  places,  were  provided  with  a  public  water  supply.  During 
this  year  also  the  national  census  of  population  was  taken. 

The  following  table  gives  a  classification,  by  population,  of  cities 
and  towns  having  and  not  having  public  water  supplies  Dec.  31, 
1890.     The  populations  are  taken  from  the  census  of  1890. 


Number  of 

Total 
Population  of 

Places 

in  Preceding 

Column. 

Number  of 

Population 

Places  of  Given 
Population 

Places  of  Given 
Population 

Population  of 

(1890). 

having  a  Pub- 
lic Water 
Supply. 

not  having  a 

Public 

Water  Supply. 

in  Preceding 
Column. 

Under  500, 

0 

_ 

28 

9,772 

500-1,000, 

4 

3,780 

63 

48,453 

1,000-1,500, 

4 

4,948 

44 

54,105 

1,500-2,000, 

8 

13,574 

28 

50,171 

2,000-2,500, 

9 

19,987 

14 

30,299 

2,500-3.000, 

5 

14,111 

20 

54,814 

3,000-3,500, 

7 

22,890 

6 

19,019 

0,500-4,000, 

6 

22,457 

3 

11,263 

4,000-4,500, 

10 

43,113 

6 

25,455 

4,500-5,000, 

13 

60,954 

1 

4,642 

5,000-5,500, 

5 

25,739 

0 

- 

5,500-6,000, 

2 

11,297 

0 

- 

Above  6,000, 

64 

1,631,962 

1 

6,138 

137 

1,924,812 

214 

314,131 

From  the  totals  given  in  this  table  it  will  be  seen  that,  although 
but  39  per  cent,  of  the  cities  and  towns  in  the  State  have  a  public 
water  supply,  yet  the  total  population  of  places  supplied  represents 
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86  per  cent,  of  the  whole  population  of  the  State.  In  this  estimate, 
of  the  total  population  of  the  municipalities  supplied,  all  of  the  inhabi- 
tants in  them  are  included,  and  it  consequently  includes  rather  more 
than  the  actual  number  of  persons  to  whom  a  public  water  supply  is 
available  ;  the  difference,  however,  is  not  large.  There  are  now  but 
eight  towns  having  a  population  exceeding  4,000  which  are  not 
provided  with  a  public  water  supply.  These  are  given  in  the  fol- 
lowing table  :  — 


TOWKS. 

Population 
in  1S90. 

Towns. 

Population 
in  1890. 

Barnstable 

Rockport, -     . 

Reading  * 

Winchendon,     .        .        . 

4,023 

4,087 
4,088 
4,390 

Millbnry, 

Ipswich, 

Provincetown, 

Blackstone 

4,428 
4,439 
4,642 
6,138 

*  Works  for  the  supply  of  Reading  were  nearly  completed  at  the  end  of  1890. 


In   the  State  there  are  132  sources  of  public  water  supply  divided 
as  follows  :  — 

Gro2i7id  Water  Sources. 

14 

22 


Springs, 
Large  wells,  . 
Tubular  wells, 
Filter-galleries, 
Filter-basins, . 

Total,  . 


7 

10 
4 

67 


Surface  Water  Sources. 
Artificial  storage  reservoirs,  .         .         .         . 

Natural  ponds, 

Streams, 


38 


Total, 75 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  of  supply  was 
first  introduced  into  a  cit}'^  or  town. 


Years. 

Number  of 

Places 
Supplied. 

Years. 

Number  of 

Places 
Supplied. 

Previous  to  1850 

1850-1859,  inclusive 

1860-1869,  inclusive 

1870-1879,  inclusive, .... 

6 

4 

10 

44 

1880-1889,  inclusive,  .... 
1890, 

Total 

68 

5 

137 

^o.  34.] 
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Of  the  28  cities  in  the  Commonwealth,  23,  having  a  total  popula- 
tion in  1890  of  1,275;517,  own  their  water  works;  while  5,  having 
a  total  population  of  96,783,  are  wholly  supplied  by  private  com- 
panies. Of  the  109  towns  having  public  water  supplies,  59,  with  a 
total  population  of  330,976,  are  supplied  from  their  own  works, 
while  50,  with  a  total  population  of  221,536,  are  supplied  by  private 
companies.  The  total  population  in  both  cities  and  towns  owning 
their  works  is  1,606,493  against  318,319  in  those  supplied  by 
private  companies. 

Rainfall.  , 

During  the  months  covered  by  the  analyses  printed  in  this  report 
the  rainfall  has  been  unusually  large  and  the  distribution  has  been 
such  that  the  summer  How  of  the  streams  has  been  high.  This  is 
particularly  the  case  in  the  summer  of  1889  when  the  streams  were 
at  all  times  far  above  the  ordinary  summer  level.  In  1890  the  rain- 
fall was  below  the  average  in  June  and  July  and  but  little  above  the 
averaoe  in  August,  which  caused  a  low  flow  in  the  streams  durins; 
the  last  two  of  these  months.  The  average  annual  rainfall*  in  Massa- 
chusetts deduced  from  long  continued  observations  in  various  parts 
of  the  State  is  44.26  inches.  In  the  followino;  table  the  normal  and 
actual  rainfall  for  each  month  from  June,  1889,  to  December,  1890, 
are  given,  together  with  the  departures  from  the  normal  in  each 
month  I  :  — 


Nor- 
mal l{ain- 

Rainfall 
June,  1889, 

10 

Dec,  1890. 

Excess  or 
De- 

Nor- 
mal Rain- 

Rainfall 
June,  1889, 

to 
Dec,  1890. 

Excess  or 
De- 

fall. 

ficiency. 

fall. 

ficiency. 

1889. 

1890  — (Son. 

June, 

3.30 

3.87 

-0.57 

March,  . 

3.98 

6.74 

+2.76 

July,      . 

3.95 

8.04 

-4.09 

April,     . 

3.28 

2.43 

-0.85 

August, 

4.28 

3.75 

-0.53 

May,       .        .        . 

3.52 

5.42 

+1.90 

September,    . 

3.44 

3.88 

+0.44 

June, 

3.30 

2.67 

-0.63 

October, 

3.81 

4.23 

+0.42 

July, 

3.95 

3.13 

-0.82 

November,    . 

3.90 

5.83 

+1.93 

August, 

4.28 

4.67 

+0.39 

December,     . 

3.49 

2.85 

-0.64 

September,   . 

3.44 

6.77 

+3.33 

T)ctober, 

3. SI 

7.80 

+3.99 

1890. 

November,    . 

3.90 

1.30 

-2.60 

January, 

3.74 

2.67- 

—1.07 

December,    . 

3.49 

4.07 

+0.58 

February, 

3.57 

3.69 

+0.12 

*  Including  melted  snow. 

t  This  and  subsequent  tables  of  rainfall  have  been  prepared  from  the  records  of  the  New  England 
•Meteorological  Society. 

To  enable  the  condition  preceding  the  collection  of  samples  of 
water  in  any  part  of  the  State  to  be  understood,  the  following  tables 
are  presented,  which  give  the  daily  rainfall  in  inches  at  nine  stations 
scattered  about  the  State. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Geographically 

vSelected. 

June,  1889.  July,  1889. 


Day 

OF 

Month. 

6 

o 
'5 

si 

a 

a 
fcj) 

i 

II 

0 

0 

1^ 

i 
1/3 

0 
c 

Day 

OF 
MOKTH. 

0 
•3 

3 

.Q 

a 

ci 
Si 
to 

1 

15 

0 

^ 
& 
e 

a 

a; 

0 
« 

■3 
•0 

S5 

1,  . 

0.25 

0.15'     - 

* 

- 

- 

- 

* 

1,    . 

- 

- 

- 

- 

- 

- 

-■ 

- 

2 

1.10 

1.17 

0.95 

1.10 

1.59 

1.31 

1.37 

1.12 

* 

2 

0.15 

0.03 

0.03 

* 

- 

- 

0.01 

0.02 

* 

3,  . 

- 

- 

■- 

- 

* 

0.67 

* 

* 

1.92 

3,  . 

0.90 

0.96 

0.85 

* 

0.58 

0.52 

0.68 

0.91 

* 

4,  . 

0.06 

0.27 

0.29 

0.94 

0.34 

- 

0.60 

0.46 

0.67 

4,  . 

0.40 

0.53 

0.27 

1.62 

0.23 

0.06 

0.15 

0.05 

0.55 

5,  . 

0.01 

0.02 

- 

0.42 

0.47 

0.06 

0.59 

- 

- 

5,  . 

_ 

- 

- 

- 

- 

- 

- 

0.02 

0.05 

6,  . 

0.05 

- 

- 

- 

- 

- 

- 

- 

,    - 

6,  . 

- 

- 

- 

.- 

- 

- 

- 

- 

- 

7,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7)  • 

0.02 

0.10 

0.02 

0.04 

- 

- 

- 

- 

- 

8,  . 

0.50 

0.50 

0.24 

0.16 

0.21 

0.23 

0.32 

0.07 

0.01 

8,  . 

0.75 

- 

* 

- 

- 

- 

- 

- 

9,  . 

0.02 

0.04 

- 

- 

- 

-. 

- 

- 

- 

9,  . 

0.03 

- 

0.05 

* 

- 

- 

- 

- 

- 

10,  . 

0.92 

0.93 

0.54 

0.11 

0.06 

0.30 

0.15 

- 

- 

10,  . 

0.25 

0.46 

0.09 

* 

- 

- 

- 

0.03 

- 

11,  . 

0.30 

0.37 

0.31 

0.07 

0.04 

- 

0.03 

0.18 

0.50 

11,  . 

0.03 

0.10 

0.18 

* 

0.06 

0.11 

0.06 

0.06 

* 

12,  . 

0.06 

0.07 

0.02 

- 

- 

0.04 

- 

0.01 

0.04 

12,  . 

- 

- 

0.01 

0.22 

- 

- 

- 

0.01 

0.10 

13,  . 

- 

- 

0.04 

- 

- 

- 

- 

- 

- 

13,  . 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

14,  . 

- 

- 

0.02 

- 

- 

- 

- 

- 

- 

14,  . 

- 

- 

- 

- 

- 

- 

- 

- 

-> 

15,  . 

0.13 

0.20 

- 

0.11 

0.15 

0.01 

* 

- 

0.02 

15,  . 

1.12 

1.17 

0.77 

1.53 

1.34 

0.87 

0.59 

1.54 

1.40 

16,  . 

0.12 

- 

- 

- 

- 

- 

0.05 

- 

- 

16,  . 

- 

- 

- 

- 

- 

- 

0.01 

17,  . 

0.55 

0.40 

0.11 

0.48 

0.45 

0.16 

0.26 

0.10 

0.22 

17,  . 

- 

- 

- 

- 

0.75 

0.35 

0.52 

0.01 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

0.15 

* 

0.01 

- 

- 

- 

- 

- 

- 

20,  . 

- 

- 

•- 

- 

- 

- 

- 

- 

20,  . 

0.85 

1.33 

1.32 

1.17 

1.15 

2.33 

1.33 

1.74 

1.30 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

* 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

0.03 

- 

- 

- 

- 

- 

• 

- 

0.13 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

0.15 

0.92 

0.20 

* 

0.32 

0.65 

0.24 

1.84 

0.18 

24,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

- 

- 

0.20 

0.03 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

26,  . 

0.05 

- 

0.05 

0.03 

- 

- 

- 

- 

O.OJ 

26,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,  . 

0.20 

- 

0.04 

- 

- 

- 

- 

- 

- 

27,  . 

1.80 

1.39 

1.68 

* 

2.48 

- 

* 

1.41 

0.02 

28,  . 

0.02 

0.06 

- 

- 

- 

0.65 

- 

- 

- 

28,  . 

- 

0.09 

- 

2.31 

- 

1.14 

2.15 

0.02 

1.74 

29,  . 

- 

- 

0.01 

- 

- 

- 

0.52 

- 

- 

29,  . 

1.00 

0.70 

0.50 

0.18 

0.78 

0.02 

- 

0.46 

0.10 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,  . 

0.65 

1.05 

0.79 

1.19 

1.01 

0.31 

0.81 

0.16 

- 

31,  . 

0.80 

0.80 

0.40 

0.88 

0.50 

0.68 

0.23 

0.17 

-■ 

Totals, 

4.37 

4.18 

2.62 

3.42 

3.31 

3.43 

3.89 

1.94 

3.52 

1 

Totals, 

9.05 

9.63 

7.17 

9.34 

9.23 

7.04 

6.77 

8.47 

7.51 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Geographically  Selected 

—  Continued. 

August,  1889.  September,  1889. 


DAT 
OF 

Month. 

o 

3 
J 

> 

3 

3 

S 
to 

g 

2  5 

to  o 

6 

a 
Is 

c 
_o 

5 

a 

-a 
t 

DAT 
OF 

Month. 

o 

s 

■g 

5 

3 

a 

a 

y 

u 

11 

to  o 

o 

c 

1^ 

S 
"3 

o 

3 

1 

•s 

M 

1 

1,  . 

0.57 

1.28 

0.64 

0.83 

1.98 

0.90 

1.50 

1.88 

1,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,  .         . 

0.05 

0.40 

- 

- 

- 

- 

0.05 

0.33 

2,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

S,  . 

0.09 

1.22 

0.32 

0.03 

0.45 

0.21 

2.67 

0.61 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

■- 

4,  . 

- 

0.04 

- 

- 

- 

- 

- 

- 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

5,  . 

0.10 

0.20 

0.24 

0.61 

0.13 

0.24 

0.28 

0.48 

5,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,  . 

- 

0.02 

- 

- 

- 

- 

0.16 

- 

6,  . 

0.04 

0.31 

0.69 

- 

- 

- 

- 

- 

- 

7,  . 

8,  . 

9,  . 

- 

- 

- 

- 

- 

- 

0.01 

0.17 

7,  . 

8,  . 

9,  . 

0.05 

- 

0.01 

- 

- 

- 

- 

- 

- 

0.20 

0.05 

0.34 

0.29 

0.04 

0.05 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

10,  . 

0.10 

0.20 

0.02 

- 

- 

0.02 

0.17 

- 

10,  . 

- 

- 

- 

- 

- 

* 

- 

* 

11,  . 

- 

- 

- 

- 

- 

- 

- 

- 

11,  .  .      . 

0.20 

* 

0.19 

* 

* 

- 

0.05 

0.36 

0.14 

12,  . 

0.02 

- 

0.01 

- 

- 

- 

- 

- 

12,  . 

0.45 

1.05 

0.18 

1.18 

1.35 

- 

0.03 

0.53 

0.90 

13,  . 

0.05 

0.03 

0.01 

* 

* 

- 

- 

- 

13,  . 

0.25 

* 

- 

* 

♦ 

- 

- 

0.05 

0.08 

14,  . 

1.00 

2.90 

0.94 

2.50 

1.60 

- 

1.61 

1.29 

14,  . 

0.07 

0.29 

0.50 

* 

1.01 

0.93 

0.78 

0.17 

* 

15,    . 

0.05 

0.06 

0.03 

- 

- 

1.59 

1.. 

0.04 

- 

15,  . 

0.05 

- 

0.11 

1.05 

0.01 

0.04 

0.08 

0.05 

0.19 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

16,  . 

- 

- 

0.04 

- 

0.01 

0.16 

0.03 

- 

- 

17,  . 

- 

- 

- 

- 

- 

- 

o 

- 

- 

17,  . 

0.80 

0.23 

0.08 

- 

- 

- 

.- 

- 

- 

18,  . 

- 

- 

■- 

- 

- 

- 

- 

- 

18,  . 

1.20 

1.24 

0.50 

* 

* 

- 

0.62 

0.05 

* 

19,  . 

0.02 

- 

- 

- 

- 

- 

- 

- 

19,  . 

0.37 

0.57 

0.81 

1.65 

2.23 

1.59 

0.83 

1.20 

1.45 

20,  . 

0.02 

- 

- 

- 

- 

- 

- 

0.02 

20,  . 

0.10 

0.08 

0.01 

* 

* 

- 

- 

- 

- 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

21,  . 

0.12 

- 

0.03 

0.12 

0.24 

0.29 

0.16 

0.47 

0.23 

22,  . 

23,  . 

24,  . 

0.01 
0.10 

- 

- 

* 
0.18 

* 
0.36 

- 

* 
0.85 

* 
0.95 

22,  . 

23,  . 

24,  . 

- 

- 

- 

- 

- 

0.11 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

0.01 

- 

- 

- 

- 

- 

- 

* 

26,  . 

- 

- 

- 

- 

- 

- 

- 

- 

26,  . 

0.20 

0.28 

0.19 

* 

- 

0.11 

0.05 

- 

27,  . 

28,  . 

- 

- 

- 

- 

- 

- 

- 

- 

27,  . 

28,  . 

29,  . 

0.03 

0.23 

- 

- 

0.25 

0.31 

- 

0.06 

0.16 

29,  . 

- 

_ 

_ 

- 

- 

- 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

30,  . 

31,  . 

- 

- 

- 

- 

- 

- 

- 

- 

30,  . 

0.10 

- 

0.01 

0.24 

0.20 

- 

- 

0.02 

0.72 

Totals, 

2.38 

6.35 

2.31 

4.49 

4.81 

3.00 



7.74 

3.58 

Totals, 

4.04 

4.28 

3.35 

4.24 

5.30 

3.32 

2.80 

3.02 

4.12 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Oeographically  Selected 

—  Continued. 

October,  1889.  November,  1889. 


DAT 
OF 

Month. 

o 

s 
i-l 

6 
O 

i 

O 

S 

60 
C 

a 

'4-3    r^ 

go 
S  o 
O 

a 

03 

c 
o 

a 

3 
c3 
H 

■a 
is 

DAT 

OF 

Month. 

o 
■3 

1 

a 

a 

a 

«  o 

is 

oj 

a 

a 
w 

a 
a 

3 
a 

■2 
1 

1,  . 

1.05 

1.310.82 

0.41 

0.08 

0.43 

0.19 

0.23 

- 

1,  . 

0.20 

0.27 

0.19 

- 

0.02 

0.080.180.20 

- 

2,  . 

- 

0.15 

- 

- 

- 

- 

- 

- 

- 

2,  . 

0.10 

0.14 

0.04 

* 

- 

- 

*  p. 01 

* 

3,  . 

0.03 

- 

- 

- 

- 

- 

- 

- 

- 

3,  . 

0.92 

1.01 

0.71 

0.39 

0.46 

0.690.37 

0.71 

0.68 

4,  . 

- 

- 

- 

0.02 

- 

0.03 

- 

- 

- 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,  .     •    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,  . 

0.75 

* 

0.82 

* 

* 

- 

- 

* 

* 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

-. 

7,  . 

0.60 

1.09 

0.55 

1.43 

0.71 

0.84 

0.57 

0.87 

0.60 

7,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

0.05 

0.03 

0.15 

* 

* 

-   0.03 

0.62 

* 

10,  . 

0.20 

- 

0.07 

0.04 

- 

0.06 

- 

- 

0.14 

10,  . 

0.12 

0.15 

0.13 

0.30 

0.36 

0.48 

0.35 

0.60 

1.56 

11,  . 

- 

0.25 

- 

- 

- 

- 

- 

-■ 

- 

11.  . 

0.08 

0.05 

0.06 

0.14 

- 

0.05 

0.02 

- 

- 

12,  . 

0.20 

0.80 

a.  04 

* 

* 

- 

* 

0.21 

* 

12,  . 

- 

0.11 

- 

- 

- 

- 

- 

0.02 

- 

13,  . 

0.70 

- 

1.42 

1.41 

1.47 

1.00 

1.25 

1.32 

1.22 

13,  . 

0.40 

0.33 

0.29 

* 

0.30 

- 

0.59 

0.27 

0.24 

14,  . 

- 

- 

- 

0.25 

0.35 

- 

0.22 

0.70 

* 

14,  . 

0.03 

- 

0.03 

0.32 

- 

0.53 

0.01 

- 

15,  . 

0.02 

- 

- 

- 

- 

- 

- 

0.13 

0.78 

15,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,  . 

■- 

- 

- 

- 

- 

- 

- 

- 

- 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

0.03 

- 

- 

- 

•- 

- 

- 

- 

- 

19,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

0.12 

0.20 

0.86 

* 

2.08 

- 

* 

1.28 

* 

20,  . 

- 

- 

0.07 

- 

- 

- 

- 

- 

- 

20,  . 

0.70 

0.32 

0.71 

1.52 

0.101.10 

1.17 

0.19 

1.48 

21,  . 

0.05 

0.08 

0.07 

0.08 

0.06 

0.43 

- 

0.11 

0.24 

21,  . 

0.10 

0.28 

0.04 

* 

0.05  0.07 

0.03 

0.24 

- 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

0.50 

0.55 

0.37 

0.51 

0.44 

0.48 

* 

- 

- 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

0.05 

0.03 

- 

- 

- 

- 

0.44 

0.27 

- 

24,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

0.03 

- 

26,  . 

0.05 

- 

0.01 

0.06 

- 

- 

- 

- 

- 

26,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,  . 

0.90 

0.70 

1.00 

- 

* 

- 

* 

1.00 

0.86 

27,  . 

0.20 

* 

0.06 

* 

* 

0.05 

* 

0.07 

* 

28,  .'       . 

0.43 

0.97 

0.17 

- 

0.96 

0.83 

1.21 

0.06 

- 

28,  . 

2.25 

2.44 

2.58 

3.10 

2.44 

2.95 

2.97 

2.17 

2.11 

29,  . 

0.02 

- 

0.03 

0.76 

0.05 

- 

0.36 

0.10 

- 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,  . 

0.01 

- 

- 

- 

- 

0.59 

0.04 

- 

- 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31,. 

0.07 

- 

0.01 

0.19 

0.15 

- 

- 

0.02 

0.27 

Totals, 

5.08 

5.35 

IT 

5.08 

4.65 

3.83 

4.21 

3.84 

4.75 

3.88 

Totals, 

5.85 

5.91 

6.22 

6.28 

6.25 

6.48 

6.15 

6.69'6.59 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Oeographically  Selected 

—  Continued. 

Keceiiiber,  1889.  January.  1800. 


DAT 
OF 

Month. 

5 

^ 
s 

E 

i 

C 

a 

03 
U 

go 

<u 

i-* 
03 

I 

c 
0 

c 

3 

•6 
■a 

DAT 
OF 

Month. 

1 

5 

a 

C3 

a 

s 

0 

6 
a 

1 

3 

a 
0! 

■a 

1,  . 

- 

- 

- 

- 

- 

- 

1,  . 

0.05 

- 

- 

- 

- 

- 

- 

- 

- 

2,  , 

- 

- 

- 

- 

- 

- 

- 

2, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,  . 

0.15 

0.16 

0.01 

0.11 

- 

0.09 

0.06 

* 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

4,  . 

- 

- 

- 

- 

- 

- 

0.01 

* 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,  . 

0.20 

0.20 

0.11 

0.18 

0.13 

- 

* 

* 

5,  . 

0.10 

0.16 

0.21 

* 

0.13 

- 

* 

0.08 

0.05 

6,  . 

0.10 

- 

- 

- 

- 

0.10 

0.12 

0.23 

6,  . 

0.05 

0.14 

0.11 

0.19 

0.09 

0.42 

0.37 

0.02 

- 

7,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

7,  . 

- 

- 

0.05 

- 

- 

- 

- 

- 

- 

8,  . 

0.35 

0.32 

0.38 

* 

* 

- 

* 

* 

8,  . 

0.02 

- 

- 

- 

- 

- 

- 

0.03 

- 

9,  . 

0.80 

0.96 

0.57 

0.67 

0.58 

0.69 

0.58 

0.82 

9,  . 

- 

- 

- 

- 

- 

- 

* 

- 

- 

10,  . 

0.05 

- 

- 

- 

- 

- 

- 

- 

10,  . 

0.05 

* 

0.13 

* 

0.17 

0.13 

0.21 

0.23 

0.20 

11,  . 

0.35 

0.40 

0.31 

0.27 

0.20 

0.35 

0.23 

0.09 

11,  . 

0.50 

0.63 

0.53 

0.63 

* 

0.53 

0.37 

0.25 

* 

12,  . 

- 

- 

- 

- 

- 

- 

- 

- 

12,  . 

0.05 

- 

0.01 

- 

0.36 

- 

* 

- 

0.21 

13,  . 

- 

- 

- 

^- 

- 

- 

- 

- 

13,  . 

0.10 

0.16 

0.10 

0.04 

- 

0.05 

0.14 

- 

- 

14,  . 

0.25 

0.49 

0.36 

0.48 

* 

0.44 

0.42 

* 

14,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,  . 

0.10 

- 

- 

- 

0.36 

- 

- 

0 
0 

0.60 

15,  . 

0.75 

* 

0.77 

* 

* 

- 

0.32 

0.99 

* 

16,  . 

_ 

_ 

- 

_ 

_ 

- 

- 

0 

_ 

16,  . 

0.33 

1.20 

0.28 

0.74 

0.81 

0.69 

0.23 

0.36 

1.27 

17,  . 

- 

- 

- 

- 

* 

- 

- 

- 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

0.05 

- 

0.15 

* 

* 

- 

* 

0.38 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

0.35 

0.42 

0.47 

0.65 

0.53 

0.77 

0.74 

- 

19,  . 

- 

- 

- 

- 

- 

- 

- 

- 

20,  . 

- 

- 

* 

0.02 

- 

0.01 

- 

- 

20,  . 

0.13 

- 

0.10 

0.08 

0.05 

0.08 

0.04 

0.13  0.12 

21,  . 

- 

- 

0.02 

- 

- 

- 

- 

21,  . 

- 

- 

- 

- 

- 

- 

- 

-       - 

22,  . 

0.37 

0.34 

0.29 

0.28 

0.25 

0.26 

0.21 

0.06 

22,  . 

- 

- 

0.03 

- 

- 

- 

- 

-       - 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

0.10 

- 

0.08 

0.09 

0.08 

0.05 

0.05 

0.08  0.12 

24,  . 

* 

- 

0.03 

* 

* 

* 

- 

24,  . 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

25,  . 

0.50 

0.57 

0.46 

0.37 

0.430.460.39 

0.36 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26,  . 

0.07 

- 

0.05 

0.05 

0.020.030.03 

0.13 

26,  . 

- 

- 

- 

* 

- 

- 

- 

- 

- 

27,  . 

- 

- 

- 

- 

- 

- 

- 

- 

27,  . 

0.67 

- 

0.60 

0.52 

0.57 

0.39 

0.46 

0.60^0.46 

28,  . 

- 

- 

- 

- 

- 

- 

- 

- 

28,  . 

- 

- 

- 

- 

- 

- 

- 

- 

29,  . 

0.05 

0.06 

0.01 

* 

0.07 

- 

* 

'- 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,  . 

0.05 

- 

- 

0.07 

- 

0.02 

0.03 

- 

30,  . 

0.22 

- 

0.06 

* 

0.23 

0.16 

0.23 

0.310.23 

31,  . 

- 

- 

- 

- 

- 

- 

- 

- 

31,  . 

0.05 

0.09 

0.07 

0.25 

0.03 

- 

0.02 

0.01     - 

Totals, 

3.79 

3.92 

3.22 

3.15 

2.66 

3.22 

2.82 

2.62 

Totals, 

3.17 

3.42 

2.64 

3.13 

2.52 

2.47 

2.44 

3.092.78 

1 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Oeographically  Selected 

—  Continued. 

February,  1890.  ]tlarcli,  1890. 


DAT 
OF 

Month. 

o 

3 

6 
> 

a 

s 

"Si 

C 

S 

OS 

II 

m  o 

6 

c 

OS 

a 

O 

3 
cS 

1 

DAT 
OF 

Month. 

o 

3 
Hi 

1-1 

t 

.a 

•a 

c 

a 

03 

II 

io  o 

O 

c 

OS 

1^ 

1 
to 

c 

3 
03 

1,  . 

- 

- 

- 

- 

- 

- 

- 

0.02 

- 

1,  . 

0.30 

0.23 

0.18 

* 

* 

0.49 

* 

0.45 

0.27 

2,  . 

0.03 

- 

0.01 

* 

* 

- 

* 

0.03 

0.15 

2,  . 

0.05 

0.09 

0.11 

* 

* 

0.07 

0.63 

* 

- 

3,  . 

0.07 

0.08 

0.06 

0.13 

0.11 

0.13 

0.09 

0.03 

- 

3,  . 

0.25 

0.31 

0.41 

1.18 

1.42 

0.82 

0.55 

0.45 

1.00 

4,  . 

0.23 

0.07 

0.16 

* 

0.17 

0.11 

* 

0.02 

0.02 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,  .        . 

- 

0.08 

0.01 

0.18 

- 

- 

0.12 

- 

- 

5,  . 

0.14 

0.12 

0.12 

0.06 

- 

0.04 

- 

- 

0.01 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

~ 

6,  . 

0.40 

0.98 

0.76 

0.88 

0.70 

0.60 

0.54 

0.57 

0.42 

7,  . 

- 

- 

- 

* 

- 

- 

- 

- 

* 

7,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,  . 

1.91 

1.72 

1.16 

0.85 

0.84 

0.97 

0.73 

1.55 

0.78 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

- 

- 

- 

- 

- 

- 

- 

- 

10,  . 

0.02 

0.19 

0.02 

0.07 

0.08 

0.03 

0.02 

0.02 

- 

10,  . 

- 

- 

- 

- 

- 

- 

- 

- 

11,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,  . 

0.10 

0.07 

0.05 

* 

- 

- 

0.08 

* 

0.54 

12,  . 

- 

0.07 

- 

- 

- 

- 

- 

- 

- 

12,  . 

- 

0.03 

0.01 

0.10 

- 

0.07 

- 

0.27 

- 

13,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13,  . 

- 

- 

- 

- 

- 

- 

- 

- 

* 

14,  . 

0.10 

0.32 

0.33 

0.25 

0.30 

- 

* 

0.54 

0.52 

14,  . 

0.70 

0.69 

0.61 

* 

* 

- 

0.75 

* 

* 

15,  . 

0.35 

- 

- 

- 

- 

0.16 

0.29 

- 

- 

15,  . 

0.50 

0.69 

0.59 

1.44 

* 

1.33 

* 

1.66 

1.31 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,  .         . 

- 

0.03 

- 

- 

1.56 

- 

0.83 

- 

- 

17,  . 

- 

- 

- 

- 

* 

- 

- 

- 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

0.20 

0.05 

0.38 

* 

* 

0.44 

0.26 

0.16 

0.07 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

- 

- 

0.04 

0.24 

0.25 

0.05 

- 

0.14 

* 

19,  . 

0.20 

0.46 

0.45 

0.54 

0.63 

0.32 

0.47 

0.28 

0.38 

20,  . 

0.46 

- 

0.72 

0.68 

0.64 

0.87 

0.86 

0.47 

0.52 

20,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,  . 

0.17 

0.20 

0.07 

* 

0.04 

0.06 

0.05 

- 

0.06 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

1.00 

0.80 

0.82 

0.06 

* 

- 

* 

1.24 

* 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

23,  . 

0.75 

0.98 

0.85 

2.19 

1.68 

1.45 

1.66 

0.63 

1.80 

24,  . 

0.10 

0.08 

O.OJ 

* 

* 

0.05 

* 

0.04 

* 

24,  . 

- 

- 

- 

- 

- 

- 

- 

-       - 

25,  . 

0.40 

- 

0.49 

* 

* 

O.Oo 

0.25 

* 

25,  . 

0,40 

- 

0.13 

* 

* 

- 

* 

- 

- 

26,  . 

0.30 

0.10 

0.09 

0.80 

0.57 

0.69 

0.70 

0.15 

0.28 

26,  . 

0.20 

0.65 

0.34 

0.35 

0.40 

0.45 

0.34 

0.35 

0.63 

27,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,  . 

0.35 

0.30 

0.17 

0.40 

0.16 

- 

0.10 

0.20 

0.50 

28,  . 

1.00 

* 

0.48 

* 

* 

- 

0.99 

1.53 

1.63 

29,  . 

0.05 

0.84 

0.09 

0.80 

1.15 

0.81 

* 

0.08 

0.01 

30,  . 

- 

- 

- 

- 

- 

- 

0.08 

- 

- 

31,  . 

- 

- 

- 

* 

0.06 

- 

- 

- 

0.20 

Totals, 

4.52 

2.96 

3.68 

3.60 

3.12 

3.50 

3.21 

3.62 

2.85 

Totals, 

6.21 

5.15 

6.07 

7.68 

7.64 

6.51 

6.97 

7.738.17 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Oeograplncally  Selected 

—  Continued. 

Aiti'il,  1890.  May,  1890. 


DAT 

OF 

Month. 

o 

-3 

6 

a 

.g 

5 

"5) 
c 

a 

2  o 

m  o 

^ 

^ 
a 

S 

a 
CO 

i 

c 

3 
H 

■a 

<2 
•a 

Day 

of 

Month. 

o 

3 

'St 

a 

03 

C 

a 

03 

X 
II 

to  o 

2M 

5 

>A 

a 

o 

5 

OS 

■d 
■a 

i 

1,  . 

0.10 

0.07 

0.03 

- 

0.09 

0.07 

0.08 

0.22 

- 

1,  . 

0.10 

0.06 

0.08 

0.18 

0.20 

0.16 

* 

* 

0.19 

2 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,  . 

0.05 

- 

- 

- 

- 

- 

0,16 

0.07 

- 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,  . 

0.29 

0.51 

0.16 

* 

0.17 

0.12 

* 

1.05 

* 

4,  . 

0.10 

0.23 

0.23 

* 

* 

- 

* 

0.55 

0.83 

5,  . 

- 

0.03 

- 

0.18 

- 

0.04 

0.18 

0.05 

1.07 

5,  . 

0.60 

0.87 

0.45  0.89 

0.77 

1.23 

0.981.00 

0.53 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

6,  , 

0.79 

0.82 

0.70 

0.64 

0.97 

0.57 

1.041.23 

1.97 

7,  . 

0.10 

0.36 

0.32 

0.41 

0.46 

0.24 

0.31 

0.34 

0.21 

7,  . 

- 

- 

- 

- 

- 

- 

-       - 

- 

8,  . 

0.28 

0.37 

0.30 

* 

* 

- 

* 

0.13 

* 

8,  . 

0.04 

0.03 

0.09 

0.21 

0.42 

0.45 

0.36 

0.24 

0.28 

9,  . 

0.46  0.45 

0.31 

* 

0.96 

- 

0.71 

0.18 

0.32 

9,  . 

- 

- 

- 

- 

- 

- 

- 

0.02 

- 

10,  . 

- 

0.02 

0.01 

0.90 

- 

0.58 

- 

- 

- 

10,  . 

0.15 

0.19 

0.04 

* 

* 

0.04 

0.020.02 

* 

11,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,  . 

0.50 

0.49 

0.37 

0.31 

0.25 

0.31 

0. 24*0. 26 

0.26 

12,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,  .        , 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

13,  . 

- 

- 

- 

- 

- 

■- 

- 

- 

- 

13,  . 

* 

- 

- 

0.08 

- 

- 

- 

- 

- 

14,  . 

- 

- 

0.06 

- 

- 

- 

-■ 

- 

- 

14,  . 

0.30 

0.12 

0.74 

* 

0.43 

0.06 

0.05 

- 

0.14 

15,  . 

- 

- 

- 

- 

- 

0.04 

- 

- 

- 

15,  . 

0.50 

0.56 

0.29 

0.77 

0.41 

0.18 

* 

0.38 

0.14 

16,  . 

- 

- 

- 

■- 

- 

- 

- 

- 

- 

16,  . 

0.08 

0.10 

0.25 

0,05 

0.03 

0.61 

0.63 

0.02 

- 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,'. 

0.05 

0.11 

0.04 

- 

- 

- 

- 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

- 

- 

.    - 

- 

- 

- 

- 

- 

- 

19,  , 

- 

- 

0.27 

- 

- 

- 

- 

- 

0.11 

20,  .,       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,  , 

0.60 

0.43 

- 

0.53 

0.85 

0.41 

0.29 

0.60 

0.78 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

- 

0.04 

- 

* 

- 

- 

* 

* 

0.16 

24,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

0.25 

0.20 

0.04 

0.21 

0.15 

0.03 

0.30 

0,25 

0,16 

25,  , 

- 

- 

- 

- 

- 

- 

- 

- 

26,  . 

0.05 

0.10 

'0.04 

* 

* 

- 

- 

* 

* 

26,  , 

0.30 

0.42 

0.26 

* 

* 

- 

- 

- 

* 

27,  . 

0.65 

0.78 

0.60 

0.93 

1.10 

- 

* 

1.70 

* 

27,  , 

1.30 

i.ee 

1.56 

1.10 

1.33 

1.39 

* 

1.32 

1.15 

28,  . 

0.05 

0.07 

0.01 

- 

- 

0.66 

0.83 

0.04 

1.73 

28,  . 

0.10 

- 

0.17 

0.18 

0,14 

0,13 

1.57 

0.05 

o.n 

29,  . 

- 

- 

-. 

- 

- 

- 

- 

- 

- 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.02 

30,  . 

~ 

~ 

~ 

*" 

~ 

0.02 

~ 

~ 

~ 

30,  . 

31,  . 

- 

- 

- 

"■ 

- 

- 

- 

: 

: 

Totals, 

2.23 

3.00 

1.88 

2.63 

2.93 

1.80 

2.41 

3.96 

3.65 

Totals 

5.56 

6.0£ 

5.54 

4.94 

5.80 

5,54 

5.65 

5.76 

6.52 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Geographically  Selected 

—  Continued. 

June,  1890.  Jnly,  1890. 


DAT 

OF 
HONTH. 

Q 

■3 

s 

5 

a 

03 

fi 
M 

II 

to  o 

c 

03 

1^ 

i 

o 

5 

C3 

•a 

DAT 
OF 

Month. 

i 
o 

-a 
a 

ti 

3 
1 

a 

II 

"S  o 

O 

o 

3 

03 

■d 

1.    • 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,  . 

- 

- 

- 

- 

- 

- 

- 

- 

2,  .        . 

- 

- 

0.01 

* 

- 

- 

- 

- 

- 

3,  . 

0.05 

- 

- 

- 

- 

- 

- 

0.06 

0.06 

3,  . 

0.30 

0.17 

0.08 

0.10 

- 

0.02 

- 

0.07 

0.02 

4,  . 

0.55 

0.51 

0.35 

0.25 

0.35 

0.24 

0.39 

0.28 

* 

4,  . 

0.35 

0.63 

0.09 

* 

- 

0.02 

- 

- 

- 

5,  . 

0.62 

0.17 

0.47 

* 

0.34 

0.63 

0.52 

0.02 

* 

5,  . 

- 

- 

- 

0.27 

- 

0.03 

0.21 

0.05 

- 

6,  . 

0.70 

1.17 

0.27 

* 

0.16 

0.41 

0.18 

0.92 

1.29 

6,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,  . 

0.05 

0.07 

0.04 

0.45 

- 

0.32 

0.38 

- 

- 

7,  . 

0.20 

- 

0.01 

0.03 

0.03 

0.02 

0.04 

- 

0.07 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,  . 

- 

0.10 

- 

- 

- 

- 

- 

0.20 

- 

9,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,  . 

- 

- 

0.25 

- 

- 

0.02 

0.86 

- 

- 

11,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,  . 

0.10 

0.09 

0.14 

* 

* 

- 

0.29 

0.07 

* 

12,  , 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

13,  . 

0.06 

0.41 

* 

1.43 

- 

1.15 

2.05 

3.77 

13,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,  . 

0.10 

- 

- 

1.10 

- 

1.36 

0.02 

0.07 

0.02 

14,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,  . 

0.05 

0.03 

- 

- 

- 

- 

- 

- 

- 

15,  . 

0.20 

- 

- 

- 

- 

- 

- 

0.01 

- 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,  . 

- 

- 

- 

- 

- 

- 

- 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,  . 

- 

- 

- 

- 

- 

- 

0.05 

0.01 

0.10 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

0.35 

- 

- 

- 

- 

- 

- 

- 

* 

19,  . 

0.05 

0.32 

0.06 

0.25 

0.12 

0.15 

0.41 

0.04 

0.27 

20,  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.13 

20,  . 

- 

- 

- 

- 

0.05 

0.15 

0.03 

O.Q^ 

0.17 

21,  . 

0.10 

~ 

- 

- 

- 

- 

- 

- 

- 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

0.05 

0.07 

- 

- 

- 

- 

- 

0.22 

0.11 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

0.15 

- 

0.03 

0.06 

0.25 

0.73 

0.42 

0.08 

* 

25,  . 

2.95 

1.90 

2.16 

* 

* 

- 

0.54 

0.11 

0.06 

26,  . 

- 

- 

- 

- 

- 

- 

0.10 

- 

0.15 

26,  . 

1.50 

1.37 

1.23 

1.30 

1.64 

1.76 

1.04 

0.54 

0.61 

27,  . 

- 

- 

- 

0.11 

0.07 

- 

- 

- 

~ 

27,  . 

- 

0.17 

- 

- 

- 

- 

- 

0.01 

- 

28,  . 

- 

- 

- 

- 

- 

- 

- 

- 

28,  . 

- 

0.05 

- 

- 

- 

- 

- 

- 

- 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29,  . 

0.05 

- 

- 

0.Q8  0.12 

- 

0.02 

0.38 

0.67 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,  . 

- 

- 

- 

-       - 

- 

- 

- 

- 

31,  . 

0.05 

0.05 

0.07 

0.34  0.47 

0.47 

0.02 

- 

- 

Totals, 

2.87 

2.17 

1.96 

1.97 

2.60  3.71 

4.31 

3.77 

5.53 

Totals, 

5.65 

4.763.71 

2.37  2.43 

2.62 

2.36 

1.47 

1.98 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Geographically  Selected 

—  Continued. 

August,  1890.  September,  1890. 


DAT 

OF 

Month. 

a 
Si 

> 

^ 

p 

03 

3 
2 

II 

O 

6 

►J 

c 
a 

t 
■a 
M 
t 

DAT 

of 
Month. 

o 

1 

5 

5 

a 

C3 
.G 

a 

03 

u 

S 
« 

03 

c 

o 

5 

03 

•3 

1.  • 

0.46 

0.57 

0.10 

- 

0.20 

0.03 

0.11 

0.31 

0.66 

1,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,  . 

- 

- 

- 

- 

- 

- 

- 

- 

2,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,  . 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

5,  . 

0.20 

0.16 

0.01 

0.11 

- 

- 

* 

0.13 

0.08 

6,  . 

- 

- 

- 

- 

0.31 

0.03 

0.24 

0.15 

0.01 

6,  . 

0.65 

1.53 

1.43 

2.38 

* 

- 

0.66 

1.05 

0.64 

7,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,  .        . 

- 

0.04 

0.05 

- 

1.57 

0.64 

0.13 

0.38 

- 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

- 

0.20 

0.14 

* 

0.20 

0.15 

0.15 

0.61 

0.76 

9,  .      •. 

0.05 

0.07 

0.07 

* 

* 

- 

- 

- 

* 

10,  . 

0.45 

0.42 

0.06 

0.36 

0.06 

0.02 

0.32 

0.37 

0.18 

10,  . 

0.30 

0.49 

1.02 

0.19 

0.13 

- 

0.33 

0.13 

0.06 

11,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,  . 

0.15 

0.12 

0.12 

* 

* 

1.00 

- 

- 

* 

12,  . 

0.10 

0.28 

- 

- 

- 

0.05 

- 

- 

-. 

12,  . 

0.25 

0.20 

0.40 

* 

* 

- 

0.99 

0.79 

0.66 

13,  . 

- 

- 

-i 

- 

- 

- 

- 

- 

- 

13,  . 

1.60 

1.55 

0.83 

1.61 

1.14 

0.72 

0.52 

* 

0.03 

14,  . 

- 

0.16 

0.18 

o.os 

- 

- 

- 

- 

- 

14,  . 

0.50 

0.13 

0.03 

* 

* 

- 

0.01 

0.51 

0.15 

15,  . 

- 

- 

- 

- 

- 

- 

-■ 

- 

0.01 

15,  . 

1.00 

1.02 

1.17 

* 

* 

0.54 

0.26 

0.56 

0.12 

16,  . 

- 

- 

- 

- 

- 

_ 

- 

- 

16,  . 

0.10 

0.12 

0.05 

0.55 

1.16 

- 

0.47 

0.70 

* 

17,  . 

0.32 

- 

0.23 

* 

* 

- 

- 

17,  . 

1.20 

0.73 

0.21 

* 

0.27 

- 

0.71 

0.14 

4.95 

18,  . 

1.00 

1.60 

0.55 

0.64 

0.49 

0.50 

- 

0.58 

0.01 

18,  . 

0.65 

0.21 

0.18 

1.38 

0.32 

0.97 

0.09 

0.02 

- 

19,  . 

0.10 

0.12 

0.30 

* 

* 

- 

* 

0.06 

- 

19,  , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,  . 

1.40 

1.72 

1.35 

0.69 

0.75 

1.90 

1.06 

0.44 

0.11 

20,  . 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

21,  . 

- 

0.03 

- 

0.13 

- 

- 

- 

- 

- 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

0.20 

- 

0.15 

* 

- 

0.11 

0.10 

0.06 

- 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

0.50 

0.52 

1.03 

0.61 

0.38 

0.86 

0.12 

* 

- 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.02 

24,  . 

0.02 

0.04 

- 

- 

- 

- 

0.16 

0.04 

- 

24,  . 

0.01 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26,  . 

- 

- 

- 

- 

- 

0.06 

- 

- 

* 

26,  . 

0.25 

0.31 

0.35 

* 

0.30 

- 

* 

* 

* 

27,  . 

0.95 

1.39 

1.32 

1.05 

0.91 

1.20 

* 

1.40 

2.00 

27,  . 

0.10 

0.08 

0.04 

0.29 

0.26 

0.25 

0.75 

0.87 

28,  . 

- 

- 

- 

- 

- 

- 

1.07 

- 

- 

28,  . 

- 

- 

- 

- 

- 

- 

0.15 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,  . 

0.41 

0.91 

0.66 

0.16 

0.07 

0.12 

0.23 

- 

- 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31.  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Totals, 

5.91 

7.96 

6.07 

3.72 

3.37 

5.03 

3.56 

4.023.75 

Totals, 

7.03 

6.76 

5.96  6.51 

1 

4.89 

4.13 

4.42 

5.16 

7.73 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachusetts  Oeographically  Selected 

—  Continued. 

October,  1890.  BToTember,  1S90. 


Day 

OF 

Month. 

i 

o 
■3 

a 
5 

u 

s 

Si 

a 
c 

a 

a 

a 

05 

d 

o 

c 

■a 
u 
.o 

■   t 

Day 

OF 

Month. 

S 

a 
5 

s 

i 

SI 
B 

a 

£ 

oo  o 

c 
a 

a 

"3 

02 

1 

s 

■2 
■2 

a 

1. 

- 

- 

- 

- 

- 

- 

- 

1,  . 

- 

- 

- 

- 

-   - 

- 

- 

- 

2, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,  . 

- 

0.03 

0.06 

- 

- 

0.02 

- 

- 

- 

3, 

- 

0.26 

0.15 

* 

* 

- 

* 

0.01 

0.03 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4, 

0.05 

0.19 

0.45 

2.58 

1.07 

1.12 

1.09 

1.20 

0.49 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5, 

- 

- 

- 

- 

- 

- 

0.04 

- 

- 

5,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6, 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7, 

0.30 

0.38 

0.42 

* 

* 

- 

0.31 

0.37 

0.04 

7,  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.02 

8, 

0.32 

0.39 

0.55 

0.71 

0.72 

1.80 

0.27 

0.23 

0.43 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9, 

- 

- 

- 

0.06 

- 

- 

- 

- 

- 

9,  . 

- 

- 

0.01 

- 

~ 

- 

- 

- 

- 

10, 

0.10 

0.08 

0.05 

0.07 

- 

0.06 

- 

* 

0.19 

10,  . 

0.10 

- 

0.05 

- 

- 

0.02 

- 

- 

- 

H, 

0.05 

- 

- 

- 

- 

- 

- 

0.15 

- 

11,  . 

0.20 

0.15 

0.17 

* 

* 

- 

0.16 

0.24 

* 

12, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,  .        . 

- 

- 

- 

0.22 

0.27 

- 

0.12 

0.11 

0.45 

13, 

- 

- 

- 

-■ 

- 

- 

- 

- 

- 

13,  . 

- 

- 

- 

- 

- 

0.28 

- 

- 

0.02 

14, 

0.25 

0.30 

0.55 

* 

0.44 

- 

0.16 

0.42 

0.68 

14,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

0.25 

0.08 

0.02 

0.57 

0.35 

0.15 

0.18 

- 

15,  . 

0.10 

0.17 

0.16 

0.21 

* 

0.22 

* 

0.08 

0.27 

16, 

* 

- 

- 

- 

* 

- 

1.04 

- 

- 

16,.. 

0.05 

0.09 

0.01 

- 

0.27 

- 

0.26 

0.04 

- 

17, 

1.40 

1.60 

2.25 

1.66 

1.35 

1.82 

0.56 

1.00 

1.24 

17,  . 

0.65 

0.81 

0.94 

* 

* 

1.04 

0.78 

0.41 

0.54 

18, 

- 

- 

_ 

- 

- 

- 

0.02 

- 

- 

18,  . 

0.30 

0.30 

0.20 

0.82 

0.83 

- 

0.19 

0.05 

- 

19, 

0.65 

1.48 

1.25 

* 

* 

- 

0.52 

1.00 

* 

19,  . 

0.01 

0.03 

0.03 

- 

- 

0.03 

- 

- 

- 

20, 

0.26 

0.24 

0.84 

* 

2.04 

- 

1.40 

0.26 

0.83 

20,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

0.15 

0.03 

- 

2.02 

- 

2.28 

0.08 

0.01 

- 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23, 

- 

- 

* 

- 

- 

- 

* 

- 

23,  . 

0.10 

0.10 

- 

- 

- 

0.02 

- 

- 

- 

24, 

1.50 

1.43 

1.15 

* 

* 

- 

1.22 

* 

4.77 

24,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

0.50 

0.53 

0.28 

2.18 

2.73 

0.72 

0.22 

3.70 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

- 

0.21 

- 

- 

- 

- 

- 

- 

26,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27, 

- 

- 

0.01 

- 

- 

- 

0.03 

0.08 

0.29 

27,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

- 

- 

- 

- 

- 

- 

- 

28,  . 

■- 

- 

- 

- 

- 

- 

- 

-■ 

29, 

0.25 

0.57 

0.19 

0.41 

* 

- 

0.24 

0.62 

0.54 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30, 

0.12 

0.17 

0.39 

- 

0.43 

0.53 

- 

- 

0.20 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31, 

0.05 

- 

- 

- 

- 

- 

- 

- 

Totals, 

6.22 

7.94 

8.55 

10.26 

8.78 

8.68 

7.35 

9.23 

9.73 

Totals, 

1.51 

1.68 

1.63 

1.25 

1.37 

1.63 

1.51 

0.93 

1.30 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Nine  Places  in  Massachiosetts  Qeo graphically  Selected 

—  Concluded. 

December,  1890. 


I)AT  OF  Month. 

1 

■a 

5 

1 

1 
£  ' 

5  S 

to  o 

c 
1 

i 

1 

K 

1, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3, 

• 

0.05 

* 

0.60 

* 

* 

_ 

* 

_ 

* 

4, 

0.65 

0.80 

0.31 

1.03 

1.08 

1.14 

1.39 

- 

0.43 

5, 

0.10 

* 

0.09 

* 

* 

- 

* 

- 

0.03 

6, 

0.05 

0.55 

0.43 

* 

* 

- 

* 

- 

0.24 

7, 
8, 
9> 

0.50 

- 

0.09 

0.28 

0.23 

0.63 

0.54 

- 

- 

10, 
11, 
12, 
13, 
14, 

- 

- 

~ 

- 

- 

0.12 

0.07 

- 

- 

15, 
16, 

0.20 

* 

0.20 

* 

* 

- 

* 

- 

1.64 

18, 
19, 

0.52 

0.90 

0.28 

2.12 

1.85 

1.29 

1.64 

- 

- 

20, 
21, 

0.15 

0.03 

0.01 

- 

- 

- 

- 

- 

0.10 

22, 

- 

0.04 

- 

- 

- 

- 

- 

- 

- 

23, 

24, 

- 

-  . 

- 

■- 

- 

- 

- 

- 

0.02 

25, 

26, 

* 

* 

1.30 

* 

* 

- 

1.23 

- 

2.49 

27, 
28, 
29, 

1.15 

1.30 

0.40 

1.72 

1.60 

1.78 

0.75 

- 

- 

0.02 

0.08 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

30, 

* 

0.05 

- 

* 

- 

- 

- 

- 

0.07 

31, 

0.02 

- 

- 

0.05 

- 

- 

- 

- 

- 

Totals, 

3.41 

3.75 

3.71 

5.20 

4.76 

4.96 

5.62 

- 

5.02 

*  Precipitation  included  in  that  of  following  day. 
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Flow  of  Streams. 

With  the  exception  of  a  short  drought  in  the  summer  of  1890, 
ah'eady  mentioned  in  discussing  the  rainfall,  the  flow  of  the  streams 
has  been  above  tlie  normal  during  nearly  all  of  the  period  under 
consideration. 

This  is  shown  by  the  following  table,  in  which  a  comparison  is 
made  between  the  flow  of  the  Sudbury  River  from  June,  1889,  to 
December,  1890,  and  the  normal  flow  of  the  same  river  as  deduced 
from  eleven  years'  observations  from  1879  to  1889,  inclusive. 


Table  sJioioing  the  Average  Monthly  Floiv  of  Sudbury  Eiver  fy'om  June,  1889-,  to 
December,  1890,  inclusive,  in  Cubic  Feet  per  'Second  per  Square  Mile  of 
Drainage  Area,  also  Departiires  from  the  Normal  Floiv. 


NoRsiAL  Flow, 

Cubic  Feet  per 

Second 

per  Square  Mile. 


Actual  Flow. 

Cubic  Feet  per 

Second 
per  Square  Mile. 


Excess 
OK  Deficienct. 

Cubic  Feet  per 

Second 
per  Square  Mile. 


1889. 

June, 

July 

August 

September 

October,    .        .        .        .        . 

November 

December,         .        .        .        . 

1890. 
January, 

February,         .        .        .        . 

March, 

April 

May 

June, 

July, 

August, 

September,       .   -     . 

October, 

November,        .        .        .        . 

December,        .        .        .        . 

Average, 


0.734 
0.298 
0.489 
0.442 
0.692 
1.154 
1.572 

1.996 
3.067 
3.873 
2.961 
1.639 
0.734 
0.298 
0.489 
0.442 
0.692 
1.154 
1.572 


1.279 


0.978 
0.980 
2.215 
1.233 
1.903 
2.907 
3.467 

1.940 
2.137 
5.636 
2.807 
2.114 
0.850 
0.167 
0.204 
0.6S5 
3.515 
1.819 
1.543 


1.953- 


+0.244 
+0.682 
+1.726 
-t-0.791 
+1.2U 
+1.753 
+1.895 

—0.056 
—0.930 
+1.763 
— 0.K4 
+0.475 
+0.116 
—0.131 
—0.285 
+0.243 
+2.823 
+0.665 
—0.029 


+0.674 


I 


The  next  table  shows  the  weekly  fluctuations  in  the  flow  of  the  two 
streams  most  carefully  measured,  namely,  the  Sudbury  and  the  Merri- 
mack. The  flow  of  these  streams,  particularly  the  Sudbury,  will  serve 
to  indicate  the  condition  of  other  streams  in  eastern  Massachusetts. 
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Table  Showing  the  Avei^age  Weekly  Flow  of  the  Sudbury  and  Merrimack  Bivers, 
in  Ciibic  Feet  per  Second  per  Square  Mile,  from  June,  188 9 y  to  December, 
1890,  inclusive. 


SUDBUKT 
KlVER. 

Merrimack 
River. 

Sudbury 
River. 

Merrimack 
River. 

Week  Ending  Sunday. 

Cubic  Feet 

per 

Second 

per  Square 

JMile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Week  Ending  Sunday. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

1889. 

1890.  — Con. 

June   2 

1.821 

1.386 

Mar.  16,     . 

5.890 

3.318    • 

9, 

1.931 

1.896 

23, 

6.978 

3.627 

16, 

0.844 

1.729 

30, 

7.621 

4.926 

23, 

30, 

0.613 
0.320 

1.074 
0.694 

Apr.    6, 
13, 

3.973 
4.218 

3.807 
5.206 

July    7, 

0.549 

0.740 

20, 

2.194 

4.668 

14, 

.     0..333 

0.610 

27, 

1.793 

3.105 

21, 
28, 

0.944 
1.294 

0.617 
1.340 

May    4, 
11, 

1.996 
2.790 

3.001 
4.233 

Aug.  4, 

3.702 

1.934 

18, 

2.154 

3.288 

11. 

1.983 

1.659, 

25, 

1.538 

2.833 

18, 
25, 

3.221 
1.323 

1.167 
0.897 

June   1, 

s. 

2.059 
1.218 

3.484 
2.428 

Sept.  1, 

' 

0.683 

0..522 

15, 

1.189 

2.233 

s. 

0.475 

0.409 

22, 

0.743 

1.740 

15, 

1.237 

0.455 

29, 

0.381 

1.027 

22 
29, 

2.194 
1.307 

1.228 
1.138 

July    6, 
13, 

0.213 
0.067 

0.822 
0.757 

Oct.     6, 

1.255 

1.182 

20, 

0.067 

0.508 

13, 

2.316 

2.056 

27, 

0.262 

0.588 

20, 
27, 

2.394 
1.463 

1.409 
0.883 

Aug.   .3, 
10, 

0.200 
0.105 

0.873 
0.467 

Nov.    3, 

1.874 

1.605 

17, 

0.127 

0.326 

10, 

1.652 

2.399 

24, 

0.241 

0.479 

17, 

1.533 

1.528 

31, 

0.374 

1.870 

24, 

3.283 

2.085 

Sept.  7, 

0.469 

1.436 

Dec.    1, 

6.421 

3.527 

14, 

0.731 

1.213 

s. 

3.542 

2.561 

21, 

1.245 

3.760 

15, 

3.607 

3.962 

28, 

0.427 

1.715 

22, 
29, 

1890 

3.574 
3.082 

3.150 
3.017 

Oct.    5, 
12, 
19, 

1.186 
1.378 
2.599 

1.232 
1.572 
2.392 

Jan.    5, 

2.057 

2.171 

26, 

6.953 

5.771 

12, 
19, 
26, 

1.840 
2.445 

1.664 

1.782 
2.086 
2.054 

Nov.    2, 
9, 
16, 

4.345 
2.209 
1.715 

3.541 
2.257 
1.727 

T'eb.    2, 

1.611 

1..506 

23, 

2.059 

2.578 

9,- 

2.151 

1.946 

30, 

1.150 

1.525 

16, 

23, 

2.261 
1.659 

2.618 
1.950 

Dec.    7, 
14, 

1.151 
0.956 

1.171 
1.221 

Mar.    2, 

3.727 

3.456 

21, 

2.981 

1.474 

9, 

2.. 542 

2.774 

28, 

1.360 

1.865 

SUGGESTIONS 


AS  TO  THE 


SELECTION  OF  SOURCES  OF 
WATER  SUPPLY. 


By  FREDERIC  P.  STEARNS, 

ENGINEER    OF    THE    BOARD. 


SUGGESTIONS  AS  TO  THE  SELECTION  OF 
SOURCES  OF  WATER  SUPPLY* 


In  selecting  a  source  of  water  supply  it  is  essential  that  all 
water  should  be  rejected  which  is  seriously  polluted  with  domes- 
tic sewage.  There  are  other  waters  not  so  polluted,  as  for 
instance  those  having  a  disagreeable  taste  and  odor  or  drawn 
directly  from  swamps,  which  are  manifestly  unfit  for  drinking. 
A  water  may  also  be  rejected  by  reason  of  its  extreme  hardness, 
which  makes  it  unsuitable  for  washing  purposes  and  for  use  in 
boilers.  Among  the  waters  which  may  be  used  there  is  a  large 
difference  in  quality,  and  this  in  connection  with  the  quantity 
and  cost  should  receive  careful  consideration  in  making  the 
selection. 

Sources  may  be  divided  into  two  general  classes,  those  in 
which  the  supply  is  taken  from  the  ground,  known  as  ground 
waters,  and  those  obtained  from  lakes,  ponds,  streams  and 
storage  reservoirs,  known  as  surface  waters. 

The  prominent  characteristic  of  ground  water  is  freedom 
from  color  and  organic  matter  (including  microscopic  organ- 
isms), while  surface  waters  are  frequently  colored  with  vege- 
table matter  derived  from  swamps,  and  almost  always  contain 
a  greater  or  less  number  of  microscopic  or  larger  organisms, 
which,  when  abundant,  frequently  impart  to  the  water  a  dis- 
agreeable taste  and  odor. 

With  regard  to  the  question  of  quantity,  suiOScient  surface 
water  can  be  obtained  for  the  largest  cities,  and  the  amount 
which  can  be  obtaihed  from  a  given  water-shed  can  be  estimated 
in  advance  with  a  large  degree  of  accuracy.  Ground  water 
supplies,  on  the  other  hand,  are  much  more  limited  in  quantity, 

*  These  suggestions  are  based  mainly  upon  observations  in  Massachusetts,  and,  in 
some  respects,  will  be  inapplicable  to  other  places  where  different  conditions  prevail. 
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and  the  amount  to  be  obtained  from  any  given  place  cannot  be 
as  accurately  predicted. 

As  a  whole  we  may  say  that  when  unpolluted  ground  water 
can  be  obtained  in  sufficient  quantity  from  regions  where  the 
water  does  not  dissolve  much  mineral  matter  and  in  this  way 
become  hard,  it  is  very  much  to  be  preferred  to  surface  water 
for  the  supply  of  a  city  or  town. 

With  these  general  statements  we  will  proceed  to  consider 
in  greater  detail  the  quantity  and  quality  of  water  to  be  derived 
from  surface  and  ground  water  sources,  including  among  the 
ground  waters  those  taken  from  wells  and  filter-galleries  built 
beside  streams  and  ponds,  and  deriving  their  water,  in  part,  from 
these  surface  waters,  by  filtration. 

The  question  of  the  quality  of  waters  variously  situated  has 
been  so  fully  treated  in  the  special  report  of  the  Board,  Part  I., 
1890,  that  the  present  article  will  give  greater  prominence  to 
the  quantity  of  water  to  be  obtained  under  different  circum- 
stances. 

Quantity  of  Surface  Water. 

All  sources  from  which  water  is  obtained  depend  for  their 
supply  upon  the  rain  which  falls  upon  the  area  from  which  the 
water  can  flow  over  the  surface  or  under  ground  to  the  point 
whence  it  is  taken  for  use.  In  a  great  majority  of  cases  this 
area  coincides  with  the  superficial  water-shed  of  the  stream  or 
pond  utilized.  We  have,  therefore,  as  very  important  factors 
affecting  the  quantity  of  water,  the  amount  of  the  annual  rainfall 
and  the  area  of  the  water-shed. 

The  whole  of  the  rain  which  falls  upon  a  water-shed  does  not 
flow  off  into  the  streams,  because  much  is  lost  by  evaporation 
from  the  surface  of  the  ground.  The  amount  of  this  loss  has 
been  determined  practically  by  comparing  the  quantity  of 
water  falling  upon  a  given  water-shed  (as  deduced  from  the 
depth  of  rainfall  and  the  area  of  the  water-shed)  with  the 
amount  of  water  flowing  off  in  the  streams.  Very  valuable 
records  of  this  character  have  been  kept  by  the  city  of  Boston 
for  many  years  at  Cochituate  Lake,  Sudbury  River  and  Mystic 
Lake,  and  the  results  have  been  published  in  the  annual 
reports  of  the  Boston  Water  Board.  From  these  we  learn  that 
the  average  percentage  of  rainfall  collected  from  these  three 
water-sheds  is  as  follows  :  — 
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Average 
Rainfall. 

Inches. 

Average 
Rainfall 
Collected. 

Inches. 

Per  Cent. 
Collected. 

Lake  Cochituate  (28  years' observations),    .... 
Sudbury  River  (16  years' observations),      .... 
Mystic  Lake  (13  years'  observations) 

47.82 
45.80 
44.11 

20.55 
22.67 
20.22 

42.97 
49.50 
45.84 

In  attempting  to  determine  the  quantity  of  water  which  can 
be  made  available  for  use  from  any  given  source,  the  above 
figures,  representing  the  average  results  of  many  years', obser- 
vations, have  only  a  limited  value,  because  there  is  a  marked 
variation  in  the  amount  of  rainfall  in  different  years  and  a  still 
greater  ditference  in  the  amount  of  rainfall  collected,  the  rule 
being  that  the  percentage  collected  decreases  with  the  amount  of 
the  annual  rainfall ;  moreover,  there  is  a  vast  difference  in  the 
amount  of  rainfall  collected  at  different  seasons  of  the  year. 
In  view  of  these  differences  it  is  obviously  necessary  to  take  into 
account  the  rainfall  collected  during  dry  periods  of  much  less 
than  a  year's  duration.  This  can  be  done  by  .means  of  the 
records  of  the  Boston  Water  Works  above  referred  to.  Of 
these  the  Sudbury  River  records  are  the  most  accurate  and  the 
most  generally  applicable  to  conditions  existing  at  other  places, 
and,  on  account  of  their  value  as  a  basis  for  water  supply  esti- 
mates, they  are  reproduced  from  the  reports  of  the  Boston 
Water  Board  in  the  following  table.  The  rainfall  collected  is 
also  shown  graphically  upon  the  diagram  opposite  page  340. 
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DIAGRAM    SHOWING    RAINFALL   COLLECTED    ON    THE   SUDBURY    RIVER   WATERSHED   FROM    1875   TO    1890. 
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The  most  prominent  feature  of  the  table  and  diagram  is  the  im- 
mense difference  in  the  amount  of  water  collected  in  the  spring 
and  in  the  summer  ;  but  the  difference  between  the  flow  of  dif- 
ferent years  is  also  very  great.  The  dryest  years  were  1880  and 
1883,  in  each  of  which  there  was  a  severe  drought  during  the 
last  seven  months,  and  even  during  the  spring  of  each  of  these 
years  the  amount  collected  was  much  less  than  in  other  years. 
The  summer  of  1889  was  in  marked  contrast  with  all  of  the 
others,  the  flow  being  unprecedentedly  high. 

As  has  already  been  indicated  it  is  necessary  in  estimating 
the  capacity  of  sources  of  water  supply  to  take  into  account  the 
dryest  periods  which  have  occurred,  and  which  consequently 
may  recur ;  and  for  this  reason  it  is  the  minimums  recorded  in 
the  foregoino;  table  which  have  the  most  value.  These  for 
periods  varying  in  duration  from  one  month  to  sixteen  years 
have  been  carefully  selected  frpm  the  table,  and  are  presented 
in  more  convenient  form  in  the  one  which  follows  :  — 


Table  showing  the  Average  Daily  Flow  from  the  Sudbury  Biver  Water-shed 
for  Different  Periods,  varying  from  One  Month  to  Sixteen  Tears,  selecting 
in  Each  Case  the  Dryest  Period  of  the  Given  Duration. 


"    AVERAGE  Daily  Flow  of 

Dates. 

Watek-shed 

Length  of  Period. 

Gallons  per 

Gallons 

Cubic  Feet 
per 

Day  per 

per  Day  per 

Second 

Square  Mile. 

Acre. 

per 
Square  Mile. 

1  month,  .... 

September,  1884, 

44,000 

69 

.068 

2  mouths, 

Sept.  1,  1884,  to  Oct.    31,  1884, 

64,000 

100 

.099 

3  months 

July    1,  1883,  to  Sept.  30,  1883, 

95,000 

148 

.147 

4  months 

July    1,  1883,  to  Oct.    31,  1883, 

118,000 

184 

.183 

5  months 

June   1.  1880,  to  Oct.    31,  1880, 

131,000 

205 

.203 

6  months 

June  1,  1880,  to  Nov.  30,  1880, 

143,000 

223 

.221 

7  months, 

June   1,  1880,  to  Dec.  31,  1880, 

147,000 

230 

.227 

8  months 

June  1,  1880,  to  Jan.    31,  1881, 

181,000 

283 

.280 

9  months 

May    1,  1880,  to  Jan.   31,  1881, 

219,000 

342 

.339 

10  months 

Aprill,  1880,  to  Jan.    31,1881, 

312,000 

487 

.483 

11  months 

Mar.   1,  1880,  to  Jan.   31,1881, 

409,000 

639 

.633 

1  year, 

Mar.    1,  1880,  to  Feb.  28,  1881, 

497,000 

777 

.769 

2  years. 

Feb.    1,  1882,  to  Jan.    31,1884, 

687,000 

1,073 

1.063 

3  years, 

Mar.    1,  1880,  to  Feb.   28,  1883, 

764,000 

1,194 

1.182 

4  years, 

Feb.    1,  1880,  to  Jan.    31,  1884, 

735,000 

1,148 

1.137 

5  years. 

Jan.    1,  1879,  to  Dec.   31,  1883, 

769,000 

1,202 

1.190 

6  years, 

Oct.    1,  1879,  to  Sept.  3«,  1885, 

803,000 

1,255 

1.242 

7  years. 

Jan.    1,  1879,  to  Dec.  31,  1885, 

839,000 

1,311 

1.298 

8  years. 

Jan.    1,  1870,  to  Dec.  31,  1886, 

870,000 

1,359 

1.346 

9  years. 

Jan.    1,  1879,  to  Dec.   31,  1887, 

902,000 

1,409 

1.396 

10  years, 

April  1,  1878,  to  Mar.  31,  1888, 

944,000 

1,475 

1.461 

11  years. 

Jan.    1,  1875,  to  Dec.   31,1885, 

968,000 

1,512 

1.498 

12  years, 

Jan.    1,  1875,  to  Dec.   31,  1886, 

978,000 

1,528 

1.513 

13  years. 

Jan.    1,  1875,  to  Dec.   31,1887, 

991,000 

1,548 

1.533 

14  years. 

Jan.    1,  1875,  to  Dec.  31,  1888, 

1,042,000 

1,628 

1.612 

15  years. 

Jan.    1,  1875,  to  Dec.  31,  1889, 

1,065,000 

1,664 

1.648 

16  years, 

Jan.    1,  1875,  to  Dec.  31,  1890, 

1,079,000 

1,686 

1.670 

342 
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With  such  a  vast  difference  in  the  average  daily  flow  during  the 
dryest  month  and  the  dryest  year,  and  also  in  the  flow  during  the 
dryestyear  and  a  long  series  of  years,  it  is  obvious  that  the  quan- 
tity of  water  which  can  be  made  available  from  a  given  water-shed 
depends  very  much  upon  the  amount  w^hich  can  be  stored  in  sea- 
sons when  water  is  abundant  for  use  during  seasons  of  drought. 

It  is  feasible  to  deduce  from  the  Sudbury  River  records  a 
table  which  will  show  directly  the  amount  of  storage  necessary 
to  make  available  different  quantities  of  water  per  day  from 
each  square  mile  of  water-shed,*  where  the  conditions  are  simi- 
lar to  those  which  exist  at  Sudbury  River.  A  table  of  this 
character  is  given  below,  which,  in  addition  to  the  amount  of 
storage  required,  gives  the  length  of  time  the  reservoir  would 
have  been  beloAv  high  water  mark  during  the  dryest  period  of 
the  given  duration,  and  the  date  when  the  water  in  the  reser- 
voir would  have  reached  its  lowest  level. 


Table  shoiving  the  Amount  of  Storage  required  to  make  Available  Different 
Daily  Volumes  of  Water  per  Square  Mile  of  Watershed,]  based  upon  the 
Records  of  the  Flow  of  Sudbury  Iliver  from  1875  to  1890,  inclusive. 


Daily  Volume 
per 

Storage  required 
per  Square  Mile  to 

prevent  a  Uefl- 
cieiicy  in  the  Sea- 
son of  Greatest 
Drought  when  the 
Daily  Consump- 
tion of  Water  is  as 

Indicated  in 
the  First  Column. 

Gallons. 

Dates  when  Greatest  DEAroHT 

ReSEKVOIR  WdULD  HAVE   OCCURRED 

THE  Period.     1875-1890.- 

FROM 
DURING 

^     Length  of  Time 
f          Reservoir 
would  have  been 

Square  Mile. 
Gallons. 

Beginning  of 
Draught 

upon 
Reservoir. 

Lovi^est  Point 
Reached. 

Reservoir 
Full  Again. 

below 

High  Water 

Mark. 

100,000 

2,200,000 

Sept.,    1884, 

Oct., 

1884, 

Nov. 

1884, 

3  months. 

1.50,000 

5,300,000 

Sept.,    1884, 

Oct., 

1884, 

Dec, 

1884, 

4  mouths. 

200,000 

11,000,000 

June,    1880, 

Dec, 

1880, 

Feb., 

1881, 

9  months. 

250,000 

22,000,000 

June,    1880, 

Dec, 

1880, 

Feb. 

1881, 

9  months. 

300,000 

33,000,000 

June,    1880, 

Dec, 

1880, 

Feb., 

1881, 

9  mouths. 

400,000 

54,000,000 

June,    1880, 

Dec, 

1880, 

Mar. 

1881, 

10  months. 

500,000 

78,000,000 

June,    1880, 

Jan., 

1881, 

Mar. 

1881, 

10  months. 

600,000 

105,000,000 

May,     1880, 

Jan., 

1881, 

Mar. 

1881, 

11  months. 

700,000 

156,000,000 

June,    1882, 

Dec, 

1883, 

Mar. 

1884, 

1  year  10  months. 

800,000 

214,000,000 

June,    18S2, 

Dec, 

1883, 

Apri 

,  1884, 

1  year  11  months. 

900,000 

373,000,000 

June,    1879, 

Dec, 

1883, 

May, 

1887, 

8  years. 

1,000,000 

540,000,000 

June,    1879, 

Dec, 

1883, 

Mar. 

1890, 

10  years  10  mos. 

1,024,000 

596,000,000 

June,    1879, 

Oct,., 

1885, 

,May, 

1890, 

11  years. 

*  The  area  of  the  Sudbury  River  water-shed,  as  used  for  making  up  the  records, 
includes  both  land  and  water  surfaces. 

t  Including  water  surfaces  amounting  to  2.31  per  cent,  of  the  land  surface. 
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Having  deduced  from  the  Sudbury  River  records  the  facts 
given  in  the  last  table,  we  have  next  to  consider  to  what  extent 
they  are  applicable  to  other  water-sheds.  It  may  be  said  in  a 
general  way  that  the  dry  weather  flow  of  different  streams  per 
square  mile  of  water-shed,  without  artificial  storage,  is  liable 
to  differ  greatly ;  but  that  the  total  yearly  flow  does  not  vary 
nearly  as  much.  In  many  cases  it  will  be  found,  by  applying 
the  Sudbury  River  records  directly,  that  there  is  so  great  a 
difference  between  the  estimated  yield  and  the  amount  of  water 
required  that  any  further  refinement  is  unnecessary.  In  other 
cases  it  is  necessary  to  take  into  account  everything  which  may 
affect  the  application  of  these  records.  The  chief  causes  of  vari- 
ation in  the  yield  of  different  water-sheds  per  square  mile,  after 
taking  into  account  the  influence  of  storage,  are  :  the  amount  of 
rainfall  and  its  distribution  throughout  the  year,  the  area  of 
water  surfaces,  the  character  of  the  surface  of  the  ground  as 
regards  topography  and  material,  and  the  size  of  the  water-shed. 
There  is  also  another  feature  which  frequently  requires  consid- 
eration, particularly  with  small  and«teep  water-sheds  ;  namely, 
the  loss  of  water  by  leakage  past  dams  and  by  filtration  through 
the  ground  to  a  lower  level. 

The  conditions  which  existed  upon  the  Sudbury  River  water- 
shed during  the  time  included  in  the  records  were  as  follows  : 
The  area  of  the  water-shed  from  which  the  flow  was  measured 
was  77.764  square  miles  until  the  end  of  1878,  then  78.238 
square  miles  yntil  the  end  of  1880,  and  after  that  time  75.199 
square  miles.  These  areas  include  all  water  surfaces.  From  the 
beginning  of  the  observations  until  the  end  of  1878',  the  water 
surfaces  consisted  of  Farm  Pond,  Whitehall  Pond  (which  was 
flowed  in  winter  and  drawn  down  in  summer) ,  several  mill- 
ponds,  and  the  various  streams.  The  area  of  these  combined 
water  surfaces  was  equal  to  1.02  per  cent,  of  the  land  surfaces. 
The  construction  of  artificial  storage  reservoirs  has  since 
increased  the  area  of  water  surfaces.  Three  reservoirs  were 
completed  and  filled  in  1879,  making  the  total  area  of  water 
surfaces  after  this  date,  until  1886,  2.31  per  cent,  of  the  land 
surfaces.  In  1886,  Reservoir  No.  4  was  added,  increasing  the 
per  cent,  of  water  surfaces  to  2.92.  The  dryest  periods 
occurred  between  the  years  1879  and  1886,  and  it  may  there- 
fore be  assumed   that    the  water   surfaces    of  Sudbury  River 
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which  had  the  most  effect  upon  the  present  records  were  2.31 
per  cent,  of  the  land  area. 

The  flow  of  the  river  past  the  lowest  dam  has  been  greatly 
modified  by  the  use  of  the  artificial  reservoirs  ;  but  this  does 
not  appear  in  the  records,  because  the  amount  flowing  past  the 
dam  is  corrected  by  the  amount  added  to  or  drawn  from  storage. 
The  object  in  making  these  corrections  has  been  to  eliminate 
the  effect  of  the  reservoirs  and  to  present  in  the  records  the 
natural  flow  of  the  stream  modified  only  by  such  storage  as  is 
furnished  by  ordinary  mill-ponds  and  by  Whitehall  Pond.  It 
cannot,  however,  be  said  that  the  effect  of  the  reservoirs  is 
wholly  eliminated,  because  the  evaporation  from  the  increased 
water  surfaces  is  not  taken  into  account ;  and  the  dry  weather 
flows  recorded  are  consequently  less  than  they  would  be  if 
these  reservoirs  did  not  exist. 

The  average  annual  rainfall  upon  the  Sudbury  River  water- 
shed is  nearly  the  same  as  that  in  other  parts  of  the  State,  so 
that  it  is  not  often  necessary  to  take  into  account  any  difference 
of  this  kind.  • 

The  water-shed  of  the  Sudbury  River  contains  many  hills 
with  steep  slopes,  some  of  which  are  used  for  pasturage  and 
others  are  covered  with  a  small  growth  of  wood.  The  valleys, 
as  a  rule,  are  not  steep,  and  there  are  extensive  areas  of 
swampy  land,  generally  covered  with  a  growth  of  brush  and 
trees.  The  hills  are,  for  the  most  part,  of  rather  impervious 
clayey  material,  containing  boulders,  while  tha  flat  land  is 
sandy  and  in  some  cases  gravelly. 

The  special  characteristics  of  the  Sudbury  River  water-shed 
have  thus  been  described  in  detail,  so  that  in  applying  the 
results  to  other  water-sheds  such  modifications  could  be  made 
as  would  be  rendered  necessary  by  the  difference  in  conditions. 

In  this  paper  further  consideration  will  be  given  only  to  the 
effect  of  a  varying  percentage  of  water  surfaces  upon  the 
yield  of  water-sheds,  and  to  the  flow  during  short  periods  of 
drought. 

With  regard  to  the  effect  of  water  surfaces  it  has  been  a 
common  practice  to  leave  them  out  of  consideration  in  estimat- 
ing the  area  of  a  water-shed,  upon  the  assumption  that  the 
evaporation  from  water  surfaces  offsets  the  rainfall  upon  them. 
The  Sudbury  River  records,  however,  were  not  made  upon  this 
basis,  and  they  are  therefore  strictly  applicable  only  to  water- 
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sheds  which  have  the  same  proportion  of  water  surfaces,  unless 
a  correction  is  made  for  evaporation. 

A  table  will  be  presented  subsequently  which  gives  the 
yield  per  square  mile  of  land  surface,  when  in  addition  to  the 
land  there  is  a  varying  percentage  of  water  surfaces.  Before 
presenting  this  table,  however,  it  may  be  well  to  indicate  in  a 
general  way  the  relation  of  the  evaporation  from  water  sur- 
faces to  the  rainfall  upon  them. 

For  determining  the  amount  of  evaporation,  the  most  valua- 
ble information  is  to  be  obtained  from  the  paper*  presented  by 
Desmond  FitzGerald,  C.E.,  to  the  American  Society  of  Civil 
Engineers,  based  upon  experiments  made  upon  the  Boston 
Water  Works,  chiefly  at  Chestnut  Hill  Reservoir,  Boston,  In 
his  paper,  as  the  result  of  several  years'  experiments,  a  mean 
evaporation  for  each  month  of  the  year  is  given.  By  compar- 
ing this  with  the  mean  rainfall  for  each  month,  as  given  at  the 
end  of  the  table  on  page  340,  we  can  obtain  the  relation 
between  evaporation  and  rainfall  in  an  ordinary  year ;  and  as 
the  evaporation  does  not  vary  very  much  from  year  to  year,  we 
can  also  obtain  approximately  the  relation  between  the  evapora- 
tion and  rainfall  in  a  dry  year,  by  comparing  the  average  evap- 
oration with  the  rainfall  in  a  dry  year  like  1883. 

The  results  of  these  comparisons  are  shown  by  the  following 
table  and  diagram  :  — 

Table  showing  Belaiioti  of  Evaporation  to  Rainfall. 

Note.    +  indicates  excess  of  rainfall;  —  indicates  deficiency. 


January, 
February, 
March, 
April,  . 
May,     . 
June,    . 
July,    . 
August, 
September, 
October, 
November, 
December, 


Average  Year. 


Kainfall. 
Inches. 


4.18 
4.06 
4.58 
3.32 
3.20 
2.99 
3.78 
4.23 
3.23 
4.41 
4.11 
3.71 


45.80 


Evapora- 
tion. 


0.98 
1.01 
1.45 
2.39 
3.82 
5.34 
6.21 
5.97 
4.86 
3.47 
2.24 
1.38 


39.12 


Deficiency 

of 
Rainfall. 

Inches. 


+3.20 
+3.05 
+3.13 
+0.93 
—0.62 
—2.25 
—2.43 
—1.74 
—1.63 
+0.94 
+1.87 
+2.33 


+6.e 


Year  of  Low  Rainfall. 


Rainfall. 
Inches. 


Evapora- 
tion. 


2.81 
3.86 
1.78 
1.85 
4.18 
2.40 
2.68 
0.74 
1.52 
5.60 
1.81 
3.55 


32.78 


0.98 
1.01 
1.45 
2.39 
3.82 
5.34 
6.21 
5.97 
4.86 
3.47 
2.24 
1.38 


39.12 


Deficiency 

of 
Rainfall. 


+1.83 
+2.85 
+0.33 
—0.54 
+0.36 
—2.94 
—3.53 
—5.23 
-3.-34 
+2.13 
—0.43 
+2.17 


-6.34 


*  Evaporation,  by  Desmond  FitzGerald,  C.E.,  Transactions  of  the  American  Society 
of  Civil  Engineers,  Vol.  XV.,  1886,  p.  581. 
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Diagram  shouting  the  Relation  of  Evaporation  to  Bainfall. 


(A    4 


7    . 


§4 


Y 


OF 


LOW    F^AirJFA.L.[ 


I88Z] 


iJAN.      rCB.      MAR.     APR.      MAy    JUNC    JULY     AUCr.    S€PT.     OCX     NOV.       OCC. 

Note.  —  The  curved  lines  show  the  average  evaporation  in  inches  per  month,  and  the 
horizontal  lines  the  rainfall,  also  in  inches,  per  month.  The  finer  hatching  indicates  the 
excess  of  rainfall,  and  the  coarser  hatching  the  excess  of  evaporation. 
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It  will  be  seen  from  the  facts  presented  that  the  monthly 
rainfall  varies  much  less  during  the  year  than  the  evaporation  ; 
also  that  in  an  average  year  the  rainfall  is  6.68  inches  greater 
than  the  evaporation.  The  average  yefjr  may  be  divided  into 
two  periods,  one  extending  from  May  to  September,  inclusive, 
in  which  the  evaporation  is  8.77  inches  greater  than  the  rain- 
fall ;  and  the  other  extending  from  October  to  April,  inclusive, 
in  which  the  rainfall  exceeds  the  evaporation  by  15.45  inches. 

In  the  year  of  low  rainfall  the  evaporation  was  6.34  inches 
greater  than  the  rainfall.  During  the  warmer  months,  from 
April  to  September,  inclusive,  the  excess  of  evaporation  was 
15.22  inches,  and  during  the  other  six  months  the  rainfall  was 
8.88  inches  in  excess  of  the  evaporation.  These  figures  indicate 
that  a  pond  will  not  lower  by  evaporation  in  a  dry  summer  more 
than  about  fifteen  inches,  even  if  it  receives  no  water  from  its 
water-shed. 

In  order  to  present  in  the  most  convenient  form  the  yield  of 
water-sheds  per  square  mile,  the  following  table  has  been  pre- 
pared, which  gives  the  quantity  of  water  which  may  be  made 
available  per  square  mile  of  water-shed  (estimating  land  sur- 
faces only) ,  with  varying  amounts  of  storage  and  a  varying  per- 
centage of  water  surfaces.  In  preparing  the  table  the  records 
of  the  flow  of  Sudbury  River  and  of  the  rainfall  upon  the  Sud- 
bury River  water-shed  from  187#to  1890,  inclusive,  as  given  in 
the  table  on  pages  338-340,  have  been  used  ;  also  the  records  of 
evaporation  from  water  surfaces  from  observations  made  chiefly 
at  Chestnut  Hill  Reservoir  during  the  years  1876  to  1880  and 
1885  to  1887.  For  other  years,  when  the  evaporation  was  not 
measured,  the  average  evaporation,  as  given  in  the  table  on  page 
345,  has  been  used.  The  flow  per  square  mile  is  in  all  cases 
the  smallest  recorded  after  taking  iqto  account  the  evaporation 
from  water  surfaces. 
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Table  shoioing  the  Amount  of  Storage  required  to  make  Available  Different 
Daily  Volumes  of  Water  per  Square  Mile  of  Water-shed  {estimating  Land 
Surfaces  only'),  corrected  for  the  Effect  of  Evaporation  and  Eaiiifall  on 
Varying  Percentages  of  Water  Surfaces,  not  included  in  estimating  the 
Area  of  the  Watershed.    • 


Daily  Volume 
in  Gallons 
per  Square 

Mile  of  Land 

Storage  keqdiked  in  Gallons  per  Square  Mile  of  Land  Surface  to  prevent 

A   UEFICIENCr  IN   THE    SEASON  OF   GREATEST    DROUGHT  WHEN   THE   DAILT   CON- 
SUMPTION IS  AS  INDICATED  IN  THE  FiRST  COLUMN,  WITH  THE  FOLLOWING  PER- 
CENTAGES OF  Water  Surfaces. 

Surface. 

0  Per  Cent. 

3  Per  Cent. 

6  Per  Cent. 

10  Per  Cent. 

25  Per  Cent. 

100,000 

556,000 

3,000,000 

8,800,000 

- 

~       - 

150,000 

3,400,000 

7,100,000 

13,400,000 

- 

- 

200,000 

9,400,000 

11,700,000 

18,000,000 

- 

250,000 

19,000,000 

22,200,000 

.25,400,000 

- 

■     - 

300,000 

29,800,000 

33,000,000 

36,100,000 

- 

- 

400,000 

.   52,000,000 

54,400,000 

57,500,000 

- 

- 

500,000 

76,500,000 

77,300,000 

80,300,000 

- 

- 

600,000 

102,000,000 

104,600,000 

107,100,000  ■ 

112,800,000 

- 

700,000 

144,400,000 

153,000,000 

161,600,000 

170,700,000 

215,900,000 

800,000 

202,300,000, 

210,900,000 

219,500,000 

228,600,000 

273,800,000 

900,000 

346,200,000 

349,200,000 

352,200,000 

353.900,000 

381,600,000 

1,000,000 

514,600,000 

516,700,000 

519,700,000 

523,600,000 

532,200,000 

The  table  shows  that  a  daily  yield  of  1,000,000  gallons  per 
square  mile  of  land  surface  cai#be  made  available  when  there  is 
a  very  large  amount  of  storage,  such  as  may  be  found  in  some 
instances  where  a  large  pond  is  fed  by  a  very  small  water-shed. 
To  obtain  this  quantity,  however,  would  require  the  reservoir 
to  be  below  high  water  mark  for  eleven  years  ;  and  during  a 
considerable  portion  of  the  time  the  water  would  not  rise  nearly 
to  high  water  mark,  even  in  the  spring.  In  practice  this  would 
be  objectionable  as  it  would  permit  the  growth  of  weeds, 
grasses  and  bushes  on  the  exposed  shores  of  the  reservoir. 
Taking  everything  into  account  it  may  be  said  that  the  greatest 
amount  which  can  be  made  practically  available  from  a  square 
mile  of  water-shed  does  not  exceed  900,000  gallons  per  day, 
and  the  cases  are  very  rare  in  which  more  than  600,000  gallons 
per  square  mile  per  day  can  be  made  available  when  it  is 
necessary  to  store  the  water  in  artificial  reservoirs. 

As  a  matter  of  theoretical  interest  only,  it  may  be  said  that 
to  make  available  the  average  yield  of  the  Sudbury  River  water- 
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shed  for  the  entire  sixteen  years  (1,079,000  gallons  per  day 
per  square  mile)  would  require  a  storage  capacity  of  not  less 
than  725,000,000  gallons  per  square  mile.  This  is  about  six 
times  the  amount  of  storage  which  it  is  now  considered  feasible 
to  provide  on  this  water-shed. 

The  amount  of  water  which  can  be  made  available  from  a 
given  water-shed  will  not  always  depend  upon  the  quantity  of 
water  which  can  be  stored,  because  considerations  of  quality 
require  that  the  levels  of  the  reservoir  should  not  be  made  to 
fluctuate  too  much,  and  that  the  reservoir  should  not  be  drawn 
below  hiffh-water  mark  for  too  long  a  time. 

The  diagram  given  opposite  the  following  page  has  been  pre- 
pared from  the  Sudbury  River  records  to  show  the  fluctuations 
of  a  reservoir  from  which  various  quantities  of  water  —  namely, 
400,000,  600,000,  800,000  and  900,000  gallons  per  day  per 
square  mile  —  are  drawn .  The  dotted  lines  marked  ' '  overflow  " 
represent  the  full  reservoir.  Where  the  full  lines  fall  below 
the  dotted  lines  a  draught  upon  the  reservoir  is  indicated,  the 
amount  of  which  in  gallons  of  storage  pet  square  mile  is  shown 
by  the  scale  given  on  the  diagram.  It  will  be  seen  that  a  con- 
sumption of  800,000  or  900,000  gallons  per  day  per  square 
mile  causes  a  reservoir  to  be  drawn  below  high-water  mark  for 
many  years  at  a  time,  which  could  hardly  be  permitted  except 
in  the  case  of  a  natural  pond  with  gravelly  shores. 

The  application  in  actual  practice  of  the  table  on  the  opposite 
page  may  be  better  understood  by  giving  an  example.  Let  us 
assume  that  it  is  desired  to  know  the  yield  of  a  pond  having  an 
area  of  .15  of  a  square  mile  and  an  available  storage  capacity 
of  225,000,000  gallons,  which  has  draining  into  it  1.5  square 
miles  of  land  surface.  The  amount  of  storage  in  this  case 
would  be  equivalent  to  150,000,000  gallons  per  square  mile  of 
land  surface,  and  the  water  surface  would  equal  ten  per  cent, 
of  the  land  surface.  By  looking  in  the  column  of  the  table 
headed  ten  per  cent,  it  will  be  seen  that  a  storage  of  150,000,000 
gallons  per  square  mile  corresponds  to  a  daily  volume  of 
between  600,000  and  700,000  gallons  per  square  mile,  or  more 
exactly  by  proportion  to  660,000  gallons,  equal  to  990,000 
gallons  daily  for  the  whole  water-shed.  The  results  obtained  by 
this  method  will  in  some  cases  be  practically  correct.  In  other 
cases  it  will  be  necessary  to  take  account  of  local  conditions, 
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prominent  among  which  may  be  leakage  past  a  dam  or  filtra- 
tion through  the  ground  to  lower  levels  ;  and  the  application  of 
judgment  will  often  be  necessary  to  determine  whether  the  water- 
shed under  consideration  will  yield  the  same  or  a  greater  or 
less  amount  per  square  mile  than  that  of  the  Sudbury  River. 

The  only  point  remaining  to  be  considered  with  regard  to 
the  quantity  of  surface  water  relates  to  the  flow  from  water-sheds 
during  short  periods  of  extreme  drought.  The  flow  during  such 
periods  is  chiefly  of  importance  when  it  is  desired  to  know  the 
minimum  flow  of  streams  on  which  little  or  no  storage  can  be 
obtained.  On  such  water-sheds  the  water  surfaces  are  generally 
insignificant,  so  that  the  Sudbury  River  records  are  not  applica- 
ble unless  they  are  corrected  for  evaporation.  It  is  well  known 
that  the  natural  dry  weather  flow  of  streams  per  square  mile 
depends  much  upon  the  extent  of  the  water-shed ;  because 
it  is  frequently  observed  that  streams  draining  but  a  small 
area  dry  up  in  summer,  while  those  draining  large  areas 
continue  to  flow,  though  with  a  greatly  reduced  volume. 
There  is  also  a  large  variation  in  the  dry  weather  flow  from 
water-sheds  of  the  same  size  due  to  the  amount  of  water 
stored  in  the  ground  and  subsequently  coming  out  in  the  form 
of  springs.  The  records  of  the  natural  flow  of  streams  in  a 
very  dry  period  are  very  meagre.  The  lowest  flow  of  the  Sud- 
bury River  occurred  during  the  month  of  September,  1884,  and 
averaged  only  44,000  gallons  daily  per  square  mile  of  water- 
shed. Correcting  for  the  excess  of  the  evaporation  from  water 
surfaces  over  the  rainfall  upon  them,  we  obtain  97,000  *  gallons 
per  square  mile  as  the  amount  that  the  flow  would  have  been 
if  there  had  been  no  water  surfaces.  The  next  lowest  monthly 
record  was  in  September,  1877,  60,000  gallons  per  square  mile. 
At  this  date  the  reservoirs  had  not  been  constructed  and  the 
area  of  water  surfaces  to  be  corrected  for  evaporation  was 
smaller.  Making  the  correction  we  have  as  the  flow  per  square 
mile  82,000  gallons  per  day. 

In  the  report  of  the  Water  Commissioners  of  the  Pittsfield 
Fire  District,  dated  April  1,  1887,  it  is  stated  that  on  Sept. 
10,  1886,  at  the  end  of  a  somewhat  extended  drought,  it  was 

*  This  quantity  is  somewhat  larger  than  it  should  be  as  no  account  is  taken  of  the 
water  which  came  from  the  ground  adjoining  the  reservoirs  as  they  were  being  drawn 
down  to  supply  the  city. 


DIAGRAM    SHOWING    THE    FLUCTUATIONS    OF    A    RESERVOIR    CAUSED    BY    A    DAILY    DRAUGHT    OF    400,000,    600,000, 
1,000,    AND   900,000    GALLONS    PER    DAY    PER    SQUARE    MILE    OF   WATERSHED 
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found  by  a  careful  measurement  that  446,000  gallons  were 
flowing  daily  in  Sackett  Brook  and  in  Ashley  Brook  below  the 
Ashley  Reservoir,  at  a  time  when  no  water  was  overflowing 
from  this  reservoir.  The  area  from  which  this  water  flowed  was 
found  by  a  measurement  from  the  topographical  map  of  the 
State  to  be  5.3  square  miles  ;  consequently  the  flow  equals 
84,000  gallons  per  square  mile.  This  drainage  area  is  moun- 
tainous, and  contains  no  water  surfaces  except  the  streams. 

In  the  report  of  the  Board  of  Water  Commissioners  of 
Northampton  for  the  year  ending  Feb.  1,  1883,  a  measure- 
ment of  Roberts'  Meadow  Brook  in  August,  1882,  is  recorded. 
The  volume,  when  the  stream  was  at  its  lowest  point,  was 
450,000  gallons  in  twenty-four  hours.  The  area  of  the  water- 
shed is  10.6  square  miles;  hence  the  flow  per  square  mile 
amounted  to  42,000  gallons  per  day.  This  water-shed  has 
steep  slopes,  and  contains  no  ponds  or  reservoirs  of  any 
importance. 

On  Aug.  8,  1890,  Beaver  Dam  Brook,  one  of  the  feeders  of 
Lake  Cochituate,  was  measured  by  the  engineers  of  the  State 
Board  of  Health.  The  volume  of  water  flowing  was  found  to 
be  221,000  gallons  per  day.  The  measurement  was  made  at 
the  point  where  the  brook  first  crosses  the  road  between 
Natick  and  South  Framingham.  The  area  of  the  water-shed  of 
the  brook  above  this  point,  as  taken  from  the  topographical 
map  of  the  State,  is  5.82  square  miles,  making  the  daily  flow 
per  square  mile  38,000  gallons.  This  water-shed  contains 
Waushakum  Pond,  which  has  an  area  of  87  acres,  and  a  very 
large  area  of  meadow  and  swampy  land. 

It  should  be  remarked  with  reference  to  the  figures  which 
have  been  given  that  the  Sudbury  River  records  represent  the 
average  flow  for  a  month,  while  the  other  measurements  repre- 
sent the  flow  at  one  time  only.  On  the  other  hand  the  Sud- 
bury River  measurements  represent  the  dryest  periods  occurring 
in  sixteen  years,  while  the  other  measurements,  although  taken 
at  times  of  very  low  flow,  do  not  probably  represent  the 
dryest  periods  which  occurred. 

Judging  from  the  few  measurements  which  are  available  it 
seems  fair  to  infer  that  the  minimum  flow  from  a  square  mile 
of  water-shed  without  storage  will  not,  under  favorable  condi- 
tions, exceed  80,000  gallons  daily ;  and  that  under  conditions 
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frequently  met  with  the  flow  may  not  be  more  than  half  of  this 
amount ;  or  with  very  small  water-sheds  it  may  be  nothing  at 
all,  as  in  the  case  already  cited  of  streams  which  run  dry  in 
summer.  These  statements  do  not,  however,  apply  to  the 
larger  streams,  such  as  the  Connecticut,  Merrimack  and  Chico- 
pee  rivers,  which  have  a  larger  minimum  flow. 

Quantity  or  Ground  Water. 

It  has  already  been  stated  that  ground  water  supplies  are 
much  more  limited  as  regards  quantity  than  surface  waters, 
and  that  the  amount  to  be  obtained  at  any  given  place  cannot 
be  as  accurately  predicted.  There  are,  however,  many  exam- 
ples in  this  State  which  show  that  the  towns  and  smaller  cities 
can  obtain  a  sufficient  supply  of  ground  water  where  the  local 
conditions  are  favorable  ;  for  instance,  the  city  of  Newton, 
with  a  population  in  1890  of  24,379,  obtains  a  ground  water 
supply,  and  has  recently  been  extending  its  works  with  a  view 
to  supplying  a  much  larger  population. 

The  statement  that  the  quantity  of  ground  water  cannot  be 
as  accurately  predicted  as  the  quantity  of  surface  water  should 
not  lead  to  the  inference  that  the  quantity  of  ground  water  to 
be  obtained  from  any  given  source  is  chiefly  a  mattei*  of  guess- 
work, because  it  is  feasible  in  most  cases  as  a  result  of  experi- 
ence and  calculation  to  determiae  with  a  moderate  degree  of 
accuracy  the  quantity  of  ground  water  which  can  be  obtained 
from  a  given  source. 

In  the  case  of  ground  waters  as  in  the  case  of  surface  waters 
the  supply  is  dependent  upon  the  rainfall.  It  may  be  the  rain 
which  falls  in  the  vicinity  of  the  source  and  filters  directly 
through  the  ground  to  it,  or  it  may  be  that  which  finds  its  way 
into  the  streams  and  then  filters  throuo;h  the  bottom  of  the 
stream  into  the  ground  near  the  source  from  w^hich  the  supply 
is  taken  ;  but  it  rarely  happens  that  the  supply  comes  from  the 
rain  which  falls  far  outside  of  the  direct  water-shed  of  the 
source  or  of  the  stream  near  it. 

In  a  large  majority  of  cases  ground  water  supplies  are  taken 
from  large  wells,  tubular  wells,  filter-galleries  or  filter-basins 
situated  in  the  low  land  adjacent  to  some  large  stream  or  pond. 
There  are  many  instances,  however,  in  which  the  supply  is 
taken  from  a  locality  where  no  water  comes  by  filtration  from 
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a  stream  or  pond,  and  the  whole  supply  is  consequently  rain 
water  which  filters  into  and  through  the  ground  to  the  point  from 
which  the  water  is  taken.  These  two  classes  of  ground  waters 
require  a  somewhat  different  consideration  ;  and  the  latter,  in 
which  a  supply  is  taken  from  what  may  be  called  the  direct 
water-shed  of  the  well,*  will  be  considered  first. 

In  this  case  the  conditions  are  in  some  respects  similar  to 
those  which  obtain  in  the  case  of  surface  water  supplies  ;  that 
is,  the  size  of  the  water-shed,  the  proportion  of  the  rainfall 
which  will  filter  into  the  ground,  and  the  amount  of  available 
storage  in  the  interstices  of  the  ground  in  the  vicinity  of  the 
well  are  important  factors  ;  and  there  is  in  addition  a  factor 
which  does  not  appear  as  prominently  in  the  case  of  surface 
water  supplies,  namely,  the  porosity  of  the  ground. 

Statistics  regarding  the  proportion  of  the  rainfall  which  will 
filter  into  the  ground  are  very  few,  but  it  is  obvious  that  much 
less  will  enter  the  ground  where  the  surface  is  sloping  and 
nearly  impervious  than  where  it  is  flat  and  porous.  Probably 
the  most  favorable  water-shed  that  can  be  obtained  is  one 
which  is  generally  level  and  gravelly  and  contains  numerous 
depressions  having  no  outlet,  so  that  all  the  water  from  the 
rainfall  which  is  not  lost  by  evaporation  goes  of  necessity  into 
the  ground.  Much  of  the  water-shed  of  the  Mansfield  source 
of  supply  is  of  this  character.  Under  these  most  favorable 
conditions  it  seems  probable  that  the  quantity  of  water  which 
passes  into  the  ground  will  not  vary  much  from  that  which 
flows  over  the  surface  and  underground  from  the  same  area  of 
water-shed  into  a  stream.  We  may,  therefore,  for  the  present, 
estimate  that  the  quantity  of  water  which  can  be  collected  from 
the  water-shed  of  a  o-round  water  source  will  not  in  any  case 
exceed  the  amount  to  be  collected  from  an  equal  area  of  water- 
shed of  a  surface  water  source,  and  that  generally  it  will  be 
less  by  the  amount  which  runs  ofi"  over  the  surface. 

There  is  a  common  tendency  to  over-estimate  the  quantity  of 
water  which  can  be  obtained  from  the  ground  in  a  locality  where 
nature  has  already  provided  a  free  flowing  spring,  or  where 
flowing  test  wells  have  been  driven  ;  but  estimates  based  upon 


*  For  convenience  the  term  "-well"  will  be  used  to  designate  all  kinds  of  construc- 
tions for  obtaining  water  from  the  ground. 
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the  size  of  the  water-shed  draining  toward  the  spring  or  well 
will  often  show  how  incorrect  these  estimates  are. 

Although  a  sufficient  water-shed  is  essential  it  is  equally- 
essential  that  the  groufid  should  be  porous  enough  to  permit  the 
required  quantity  of  water  to  flow  from  the  ground  into  the 
well. 

In  many  cases  where  the  supply  required  is  not  very  large 
sufficient  information  as  to  the  porosity  of  the  ground  can  be 
obtained  by  driving  test  wells  and  determining  the  character 
of  the  strata  penetrated.  Some  additional  information  may  also 
be  obtained  by  pumping  from  these  wells  with  a  hand  pump. 
In  order  to  predict  the  quantity  of  water  which  will  flow  into 
a  well,  after  the  character  of  the  material  is  known,  it  is  neces- 
sary to  depend  upon  the  experience  obtained  from  existing  wells 
in  similar  situations.  Some  information  bearing  upon  this 
subject  is  given  in  the  table  opposite  page  358. 

In  cases  where  a  larger  supply  is  necessary,  or  where  the 
results  of  the  tests  above  mentioned  are  not  sufficiently  definite, 
it  may  become  desirable  to  make  a  more  complete  test,  which 
is  generally  done  by  driving  a  large  number  of  test  wells,  con- 
necting them  all  with  a  single  suction  pipe  and  pumping  from 
them. 

A  test  of  this  character  is  generally  intended  to  show  not 
only  the  porosity  of  the  ground,  but  also  to  indicate  the  amount 
of  storage  which  is  available,  and  the  distance  from  which  the 
ground  water  may  be  drawn  to  the  wells  when  the  water  in 
their  vicinity  is  lowered  by  long-continued  pumping  in  a  dry 
time.  Records  are  kept  of  the  height  of  the  ground  water  in 
the  immediate  vicinity  of  the  test  wells  and  for  a  considerable 
distance  from  them  in  all  directions.  For  this  purpose  frequent 
observations  are  made  of  the  level  of  the  water  in  existing  wells 
which  may  be  aflected  by  the  pumping,  and  where  these  do  not 
exist  in  sufficient  number  additional  1;est  wells  are  driven  t» 
give  access  to  the  ground  water. 

A  test  of  this  kind  should  be  made  during  as  dry  a  period  as 
possible  ;  but  even  then  the  quantity  pumped  is  not  necessarily 
the  safe  capacity  of  the  source,  and  the  test  has  its  greatest 
value  in  the  opportunity  it  afibrds  the  engineer  of  determining 
the  storage  capacity  of  the  ground,  and  the  extent  of  the  area 
from  which  the  rainfall  may  be  expected  to  filter  toward  the 
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well.  With  the  information  obtained  by  such  a  test  made  in 
the  dryer  portion  of  an  ordinary  year  it  is  feasible  to  estimate 
with  a  moderate  degree  of  accuracy  the  safe  capacity  of  a 
source  in  a  dry  year.  A  test  of  this  character,  lasting  three 
months,  was  made  at  Eaton's  Meadows,  Maiden,  in  1887-88, 
before  constructing  the  permanent  works  at  that  place. 

It  is  sometimes  feasible  in  the  case  of  a  proposed  ground 
water  supply  to  determine  whether  the  source  is  worthy  of 
careful  investigation  by  means  of  the  table  given  on  page  348 
for  determining  the  volume  of  surface  water  obtainable  with 
different  amounts  of  storage.  If,  for  instance,  it  is  desired  to 
obtain  a  supply  of  300,000  gallons  per  day,  and  the  water-shed 
draining  toward  the  proposed  well  is  one  square  mile,  we  find 
that  in  the  case  of  a  surface  water  supply  the  storage,  when 
there  are  no  water  surfaces,  must  be  29,800,000  gallons.  If 
the  supply  is  to  be  taken  from  the  ground  it  seems  fair  to 
assume  that  at  least  en  equal  amount  of  storage  will  be 
required ;  and  the  question  to  be  considered  relates  to  the 
probability  of  obtaining  this  amount  of  available  storage,  which 
is  equivalent  to  the  contents  of  a  pond  having  an  area  of  ten 
acres  and  a  depth  of  nine  feet.  Porous  gravel  or  sand  when 
saturated  contains  in  the  neighborhood  of  thirty-five  per  cent, 
of  water,  but  of  this  a  portion  remains  after  the  ground  is 
drained,  so  that  only  about  twenty-five  per  cent,  of  the  whole 
mass  will  run  out  when  the  water  table  is  lowered.  Therefore, 
in  order  to  obtain  300,000  gallons  daily  from  a  square  mile  dur- 
ing the  dryest  period,  it  is  necessary  to  have  storage  equivalent 
to  that  furnished  by  forty  acres  of  porous  gravel  in  which  the 
water  table  can  be  lowered  nine  feet. .  A  superficial  examination 
of  the  ground  may  show  whether  it  is  probable  that  this  amount 
of  storage  can  be  obtained,  and  in  this  way  indicate  whether  it 
is  desirable  to  make  further  investigations. 

In  the  case  of  wells  located  near  a  large  stream  or  pond  there 
is  always  a  direct  water-shed,  the  yield  from  which  is  to  be 
obtained  by  the  methods  already  indicated  ;  but  if  this  does  not 
supply  a  sufficient  quantity  of  water  a  greater  or  less  amount 
will  also  filter  from  the  stream  or  pond  as  soon  as  the  adjacent 
ground  water  is  lowered  below  the  level  of  the  surface  water. 
That  much  water  may  come  from  a  stream  or  pond  and  still 
have  the  characteristics  of  ground  water  is  definitely  shown  in 
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the  case  of  the  filter-gallery  near  Horn  Pond,  in  Woburn, 
where  the  pond  contains  an  abnormal  amount  of  chlorine,  owing 
to  the  tannery  drainage,  which  contains  much  salt;  and  the 
filter-gallery  water  also  has  an  abnormal  amount  of  chlorine 
which  cannot  be  attributed  to  any  other  source  than  the  pond.* 
There  are  many  other  instances  in  the  State  where  there  are 
strong  indications  that  a  large  portion  of  the  supply  comes 
from  the  neighboring  river  or  pond,  showing  that  the  Woburn 
case  is  not  an  exceptional  one. 

No  definite  fio^ures  have  ever  been  obtained  of  the  amount  of 
water  which  wilj  filter  through  river  or  pond  bottoms,  but  it  is 
known  that  they  get  silted  up  so  that  the  amount  of  water 
which  will  pass  through  per  square  foot  is  small,  and  it  is  con- 
sequently necessary  to  have  a  large  area  of  river  or  pond  bottom 
in  the  vicinity  of  the  ground  water  source  to  obtain  a  large 
amount  of  water  by  this  kind  of  filtration. 

With  regard  to  the  form  of  construction  used  it  may  be  said 
that  no  one  method  is  applicable  to  all  cases.  Where  the 
material  is  coarse  and  porous  within  a  short  distance  of  the 
surface  and  the  quantity  of  water  required  is  not  very  large,  a 
circular  well  covered  to  exclude  the  light  is  generally  the  best. 
In  other  instances,  where  the  material  for  a  long  distance  from 
the  surface  is  impervious,  but  is  underlaid  with  pervious  material, 
it  is  impracticable  to  excavate  a  large  well  to  the  required  depth, 
and  it  becomes  necessary  to  sink  tubular  wells  down  to  the  porous 
stratum,  which  may  sometimes  be  found  overlying  the  solid  rock. 
An  instance  of  this  kind  is  found  at  Maiden  where  the  average 
depth  of  the  wells  is  sixty-five  feet.  There  are  also  other  in- 
stances in  which  driven  wells  are  used  to  obtain  water  from  a 
larger  territory  than  would  be  influenced  by  a  single  large  well. 

Tubular  wells  may  be  connected  by  means  of  a  large  suction 
pipe  directly  with  the  pump,  which  is  generally  the  cheaper 
form  of  construction,  or  they  may  be  connected  with  excavated 
wells  or  filter-galleries,  into  which  the  water  from  the  diiven 
wells  will  flow. 

Filter-ofalleries  are  built  in  some  instances  where  it  is  desired 
to  intercept  the  ground  water  from  a  greater  extent  of  territory 

*  The  normal  cMorine  of  the  region,  as  shown  on  the  chlorine  map  contained  in  this 
report,  is  0.33 ;  the  average  chorines  of  the  filter-gallery  and  pond  for  three  and  one-half 
years  are,  respectively,  2.20  and  2.57. 


No.  34.J     SELECTION  OF  WATER   SUPPLIES.  357 

than  will  be  influenced  by  a  single  well.  They  are  in  fact 
elongated  wells,  except  that,  in  practice,  on  account  of  the  cost, 
they  are  not  usually  sunk  to  as  great  a  depth. 

Filter-basins  perform  the  same  oiEce  in  collecting  water  as  wells 
and  filter-galleries,  but  being  uncovered,  the  water  in  them  dete- 
riorates, owing  to  the  rapid  growth  of  vegetable  and  animal  forms 
which  flourish  in  this  kind  of  water  when  the  light  is  not  excluded. 
This  form  of  construction  should  therefore  be  avoided. 

There  are  many  instances  in  which  the  main  supply  comes 
from  wells  and  filter-galleries,  but  is  increased  by  means  of  driven 
wells  extending  from  them  into  porous  strata  at  lower  levels. 

In  addition  to  the  ordinary  driven  wells  already  referred  to, 
which  are  limited  in  depth  to  from  thirty  to  ninety  feet,  and  do 
not  in  any  case  penetrate  the  rock,  attempts  have  been  made 
in  several  parts  of  the  State  to  obtain  a  large  supply  of  water 
by  sinking  wells  six  or  eight  inches  in  diameter  into  the  rock  to 
a  depth  of  several  hundred  or  even  several  thousand  feet.  The 
result  has  been  in  nearly  every  case  unsatisfactory,  and  in  no 
way  comparable  with  the  results  obtained  from  comparatively 
shallow  wells  in  porous  material. 

The  information  heretofore  published  with  regard  to  the 
quantity  of  water  which  can  be  obtained  from  wells  and  filter- 
galleries  variously  situated  is  very  meagre.  With  a  view  of 
obtaining  additional  light  upon  this  subject  a  circular  has  been 
sent  to  the  places  in  this  State  having  a  ground  water  supply 
asking  for  the  followinor  information  :  — 

1.  Name  of  city  or  town. 

2.  Population,  1890. 

3.  Desci'iption  of  worlds  for  collecting  water.  ' 

4.  Character. of  ground. in  which  works  were  built. 

5.  Information  regarding  capacity  of  source  :  — 

(a.)   Pumping  I'ecord  by  months  since  1886. 

(6.)    Greatest  amount  pumped  in  any  week. 

(c.)  Greatest  amount  pumped  in  any  day,  and  the  amount  that  the 
water  in  the  well  was  lowered  by  such  pumping. 

(d.)    Special  tests  indicating  the  capacity  of  the  source. 

(e.)    Estimate  of  the  capacity  of  the  source  in  a  dry  season 

(/.)  Estimated  amount  which  could  be  drawn  from  source  in 
twenty-four  hours  when  the  gTound  is  Avell  filled  with 
water,  if  sufficient  pumping  capacity  was  available. 

(g.)  Where  works  have  been  extended  the  average  daily  con- 
sumption before  such  extension  M'as  made. 

(/«.)  Where  the  source  can  be  divided  into  two  or  more  sections 
the  estimated  capacity  of  each. 


358  STATE  BOARD   OF  HEALTH.      [Pub.  Doc. 

The  correspondents  were  also  requested  to  furnish  any  fur- 
ther information  upon  this  subject  which  might  suggest  itself  to 
them.  Replies  to  this  circular  were  received  from  35  places, 
and  the  information  thus  obtained  has  been  condensed  and  is 
given  in  the  table  opposite. 

The  areas  of  water-sheds  in  columns  6  and  7  were  obtained 
in  most  cases  by  sketching  upon  the  topographical  map  of  the 
State  the  outlines  of  the  water-sheds  and  measuring  the  in- 
cluded area.  In  the  case  of  the  direct  water-sheds  (column 
6),  the  results  are  for  the  most  part  only  rough  approxima- 
tions, particularly  those  marked  with  an  asterisk.  The  esti- 
mated capacities  of  sources  as  given  in  columns  13  and  14  were 
furnished  by  those  connected  with  the  various  water  works. 

Before  reviewing  the  tabulated  information,  it  may  be  well 
to  call  attention  to  the  fact  that  comparatively  few  of  the  ground 
water  supplies  have  been  subjected  to  a  severe  test  in  a  dry 
year  like  1880  or  1883,  because  a  large  number  of  them  were 
constructed  since  that  time  ;  and  of  those  constructed  at  an 
earlier  period  the  greater  number  had  then  been  in  use  so  short 
a  time  that  the  draught  upon  the  works  was  not  excessive. 

The  average  yield  of  the  Sudbury  River  water-shed  per 
square  mile  during  the  year  1880  was  580,000  gallons  per  day 
and  for  the  four  years  ending  in  1883,  738,000  gallons.  In 
contrast  with  this  we  have  as  the  yield  in  1887  (the  dryest  of 
the  four  years  ending  in  1890),  1,154,000  gallons  per  day  per 
square  mile,  and  as  the  average  yield  for  the  whole  four  years, 
1,381,000  gallons.  These  figures,  showing  that  the  yield  of 
water-sheds  during  the  last  four  years  has  been  very  nearly 
,  twice  as  large  as  during  the  dry  period  of  four  years  ending  in 
1883,  make  it  evident  that  records  and  estimates  obtained  from 
sources  which  are  being  used  nearly  up  to  their  full  capacity  in 
these  comparatively  wet  seasons  will  tend  to  show  that  the 
sources  will  furnish  more  water  than  they  can  be  depended 
upon  to  furnish  during  a  prolonged  drought.  In  other  cases, 
where  only  a  small  part  of  the  capacity  of  the  works  is  ngw 
being  used,  it  is  obvious  that  the  pumping  cords  are  of  value 
only  as  showing  that  the  sources  will  yield  at  least  the  amount 
given  ;  but  they  do  not  in  any  way  indicate  the  maximum  capac- 
ity of  the  sources.     The  table  must  be  used  with  discretion, 
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but  it  is  believed  that  when  so  used  it  will  be  of  considerable 
value  to  those  selecting  sources  of  ground  water  supply. 

The  table  represents  so  much  variation  in  conditions  and  in 
value  of  data  that  it  is  hardly  feasible  to  make  any  summary 
of  it.  It  may  be  well,  however,  to  call  attention  to  a  few 
prominent  features. 

The  largest  supplies  taken  wholly  from  the  ground  are  as 
follows  :  — 


Ciir  OK  Town. 


Average  Daily  Pumping 
Maximum  Year. 


Newton, 
BroQkline, 
Woburn, 
Waltham, 


1,041,616  gallons. 
964,873 
951,589 
687,749  ■     " 


It  is  noticeable  that  these  supplies  are  all  taken  from  the 
ground  in  the  vicinity  of  large  bodies  or  streams  of  water. 
Newton  and  Brookline  have  recently  extended  their  works, 
which  are  now  expected  to  yield,  respectively,  2,000,000  and 
1,500,000  gallons  daily  in  a  dry  season.  These  estimates,  made 
by  engineers  of  long  experience,  are  probably  conservative,  and 
may  be  said  to  represent  the  largest  supplies  of  ground  water 
yet  obtained  in  this  State.  Waltham  is  now  increasing  the 
capacity  of  its  source  with  a  prospect  of  obtaining  as  much 
water  as  either  Newton  or  Brookline.  It  is  noticeable,  how- 
ever, that  the  ease  with  which  these  large  quantities  are  obtained 
varies  very  much.  At  Waltham,  it  is  expected  to  obtain  the 
desired  supply  from  a  well  40  feet  in  diameter,  while  at  New- 
ton the  works  cover  a  total  length  along  the  river  of  about 
4,300  feet.  At  each  of  these  four  places  the  ground  water  is 
kept  pumped  down  below  the  level  of  the  neighboring  body  of 
surface  water,  and  there  is  reason  to  think  that  much  of  the 
supply  is  filtered  surface  water. 

There  are  several  supplies  where  a  large  amount  of  water  is 
obtained  from  direct  water-sheds,  without  being  supplemented 
by  filtration  from  surface  water  sources.  As  instances,  the  sup- 
plies of  Maiden,  Newburyport  and  Revere  may  be  mentioned. 
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The  maximum  amount  pumped  from  these  sources  has  been 
as  follows  :  — 


City  or  Town. 

Average  for  the 
Year. 

Gallons  per  Day. 

Averase  for  the 
Month. 

Gallons  per  Day. 

Maiden,     ......... 

Newburyport, 

Revere, 

747,446 
443,047 
465,491 

940,403 
603,818 
680,411 

At  Maiden,  the  amount  pumped  in  1890  represented  a  collec- 
tion of  9.7  inches  (or  20  per  cent,  of  the  total  rainfall  of  49 
inches)  upon  a  direct  water-shed  estimated  at  1.61  square  miles. 
At  Eevere,  the  pumping  for  the  year  ending  June  30,  1891, 
represented  a  collection  of  12.5  inches  (25  per  cent,  of  the 
total  rainfall  of  50  inches)  upon  a  water-shed  of  0.78  square 
miles.  At  all  three  of  these  places  it  is  probable  that  the 
amount  which  has  been  pumped  is  more  than  could  be  pumped 
after  one  or  two  years  of  low  rainfall.  At  Revere,  particu- 
larly, experience  has  shown  that  the  storage  capacity  of  the 
ground  is  very  large,  so  that  when  the  water  table  is  reduced 
to  a  very  low  level  during  the  summer,  the  ground  will  not  fill 
before  the  next  summer  unless  the  amount  of  rainfall  is  above, 
the  average. 

It  has  already  been  mentioned  that  the  amount  of  chlorine 
found  in  the  water  of  the  filter-gallery  at  Woburn  shows  that 
a  large  proportion  of  the  water  comes  from  Horn  Pond.  A 
comparison  of  the  amount  pumped  from  the  gallery  with  the 
precipitation  upon  the  direct  water-shed  leads  to  similar  con- 
clusions. The  amount  pumped  during  the  year  ending  Aug. 
31,  1887,  was  951,589  gallons  per  day.  The  precipitation 
during  the  same  period  equalled  42.3  inches,  which  upon  the 
direct  water-shed  of  0.21  square  miles  was  equivalent  to 
423,000  gallons  per  day.  The  amount  which  can  be  collected 
is  much  less  than  the  total  precipitation.  If  we  use  the  pro- 
portion collected  at  Revere  (25  per  cent.)  as  a  basis,  the  yield 
from  the  direct  water-shed  at  Woburn  during  the  year  men- 
tioned would  have  been  105,750  gallons  per  day,  or  about  one- 
ninth  of  the  amount  actually  pumped. 
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As  instances  of  supplies  where  ground  water  is  obtained  only 
in  small  quantity,  in  proportion  to  the  extent  of  the  works,  we 
may  mention  those  at  Lexington  and  Bridgewater. 

At  Lexington,  with  four  large  wells  and  a  deep  tubular  well, 
the  supply  obtained  in  a  dry  summer  is  less  than  100,000  gallons 
daily.  This  is  owing  both  to  the  small  water-shed  tributary  to 
the  wells,  and  to  the  unfavorable  character  of  the  ground  for 
storing  Avater  in  the  wet  season  of  the  year  where  it  will  main- 
tain the  yield  of  the  well  in  the  dry  season. 

At  Bridgewater,  two  wells,  one  very  large,  were  completed 
in  1888,  but  the  next  year,  when  the  consumption  of  water  in 
summer  was  about  75,000  gallons  per  day,  it  was  found  advis- 
able to  add  another  large  well  with  a  deep  six-inch  tubular  well 
in  its  bottom,  and  in  1890  a  second  tubular  well  was  sunk. 
The  works  as  they  now  stand  do  not  furnish  any  very  large 
excess  above  the  present  consumption  of  about  130,000  gallons 
per  day  in  summer,  so  that  a  further  extension  of  the  works  is 
contemplated.  These  instances  are  mentioned  to  show  that 
works  of  coHsiderable  extent  do  not  necessarily  furnish  much 
water,  unless  the  ground  is  porous,  and  there  is  either  a  large 
direct  water-shed,  or  a  neighboring  stream  or  pond  to  saturate 
the  ground. 

The  returns  show  that,  in  Massachusetts,  wells  excavated  in 
rock  do  not  furnish  large  quantities  of  water;  and,  as  we  have 
already  noted,  deep  wells  bored  in  rock  give  much  less  favor- 
able results  than  are  obtained  by  more  shallow  wells  in  gravel 
or  other  porous  material.  As  a  further  indication  that  these 
deep  wells  are  unsatisfactory,  the  following  table  is  repro- 
duced from  the  report  of  the  Taunton  Water  Commissioners 
for  1889.* 


*  Fourteenth  Annual  Report  of  the  Water  Commissioners  of  Taunton,  Mass.,  Nov. 
30,n889,  pp.  26,  27. 
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Table  giving  Statistics  regarding  Deep  Wells  sunk  in  Rock, 


Location  of  Wells. 


Diam- 
eter 


Depth 

in 
Feet. 


Twenty-four 
Hours. 


York  Beach,  Me 

Bennington,  Vt 

Bennington,  Vt 

Boston,  No.  34  Providence  Street,  . 

Boston  Gas  Light  Co.'s  wells  : 
Boston,  Commercial  Street, 
Dorchester,  Commercial  Point, 
Dorchester,  Old  Harbor  Point, 

Dighton, 

Hopkinton, 

Hopkinton, 

Hopkinton, 

Hopkinton, 

New  Bedford,  Clark's  Cove  Guano 
Co 

North  Adams, 

North  Adams 

Northampton,  Belden  Silk  Mill, 

Lowell,  Hosiery  Co., 

Maiden, 

Stockbrldge 

Stockbridge,      .        ... 

Fall  River,  .        .  -      . 

Taunton,  Lunatic  Hospital,     . 

Taunton,  Morton  Laundry,     . 

Taunton,  Water  Works, . 

West  Cummington 

Darien,    Conn.,    Fitch's    Soldiers' 
Home 

Darien,    Conn.,    Fitch's    Soldiers' 
Home, 

Darien,    Conn.,    Fitch's    Soldiers' 
Home, 

Meriden,  Conn 

Meriden,  Conn 

Meriden,  Conn 

Meriden,  Conn.,  Brittania  Works, . 

Stamford,  Conn.,      .... 

Newport,  R.  I.,  Electric  Light  Co., 


7% 


51 
1,000 
1,000 
2,503 

1,750 

870 

900 

50 

581 

I 
65  J> 

I 
75J 

119 

510 

500^ 
500  j 
3,700 
303 
650 
300 
650 
180 


975 

625 


208 
205 
256 
530 
450 
110 


120,000 


Inexhaustible, 


r 
i 

50,000  <( 
I 


88,000 

5,000 

900,000 

7  gallons  per 
minute. 
24,000 

93,600 

40 ,000  to  60,000 

43,200 
90,000 
20,000 
75,000 
3,600 

16,800 

8,000  to  12,000 

12,000  to  20,000 

Using  57,600 

100,000 

75,000 


Hard  sandstone.* 


Granite  and  slate. 

Slate. 

Slate  and  conglomerate. 

Slate  and  conglomerate. 

Broken  granite. 
Broken  granite. 
Broken  granite. 
Broken  granite. 

Granite  and  limestone. 
Limestone. 
Limestone. 

Conglomerate  sandstone. 
Trap  or  mortar  stone. 

Quartz. 

Limestone     and     mica 

schist. 
Granite. 

Blue  granite. t 

Slate  and  sandstone. 

Slate  and  sandstone. 

Granite. 

Conglomerate. 

Schist. 

Red  sandstone. 
Red  sandstone. 
Red  sandstone. 
Brown  sandstone. 

Dark  slate. 


*  Sometimes  called  "  blue  granite." 


t  Called  by  geologists  sandstone. 
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taken  from  the  Re2iort  of  the  Taunton  Water  Commissioners  for  1889- 


363 


Depth  at 

which 
Rock  was 

First 
Reached. 


Does  Well  Flow? 


Quality  of  Water. 


Result  of  Exploding. 


2 

100 

20 

159 


15 

18 
14 

8 

2M 


80 

150 

15 

70 
50 

13 

27 
26 
85 
10 

42 


Yes, 


5  feet  of  surface, 


ISTo, 


5  feet  of  top, 

No, 

No, 

No, 

No, 

No, 

4  feet  of  surface, 

4  feet  of  surface, 

No, 

No, 

No, 

No, 

No, 

No, 

No, 

1  or  2  gallons  per 

minute. 
12  feet  of  surface. 

No,       .        .        . 


Flows    few    gal 
Ions  per  hour. 


Yes, 
Yes, 
Yes, 
No, 

No, 
No, 


Good,    . 


Too  much  sulphu- 
retted hydrogen. 


Much  mineral  and 
vegetable  matter, 
Salt, 

Salt, 


Fine,  .        ... 

Fine,  . 

Fine,  . 
Fine, 

Too  nearsalt  water 

Good,    but    very 

hard. 
Good,     but    very 

hard. 
Not  good, 

Poor, 

Fair, 

Fair,      . 

Fair, 

Good,    . 

Good,    . 

Good,    . 

Too  much  iron,    . 


Hard,  clear,  . 

Hard,  clear,  . 

Hard,  clear,  . 

"Hard    as     light 

ning." 
Brackish, 

Very  hard,    . 


No  shot. 


No  shot. 


No  shot,   .      ^. 
No  shot. 
No  shot. 
No  shot. 
No  shot. 

Good  results. 
No  shot. 
No  shot. 

700  pounds  dyna- 
mite; total  failure. 

Twice,  gained  25  per 
cent. 

No  shot.  ■ 


No  shot. 
No  shot. 
No  shot. 
No  shot. 
No  shot. 


Shooting  did  no  good, 

Good  results. 
Good  results. 
Good  results. 
No  shot. 
No  shot. 
No  shot. 


Failure. 

Failure. 

Good  water  459  to 
484;  well  spoiled 
by  going  too  deep. 


J.  C.  Jessup  &  Co., 
owners. 


This    well    an    utter 
failure. 
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Quality  of  Sukface  Water. 

As  indicated  in  the  introduction  to  this  paper  the  quality  of 
water  for  the  supply  of  a  city  or  town  has  to  be  considered 
from  several  points  of  view.  First  and  most  important,  it 
must  not  be  injurious  to  the  health  of  the  community.  Second, 
it  must  not  have  a  disagreeable  odor  or  be  unpalatable.  Third, 
it  should  not  be  too  hard  for  washing  and  for  use  in  boilers. 

The  most  important  factor  in  making  water  dangerous  to  the 
health  of  the  community  is  the  discharge  of  human  sewage  into 
it,  whereby  the  germs  of  specific  diseases  may  be  introduced 
into  the  water.  We  may,  therefore,  say  in  general  terms  that 
a  water  will  be  dangerous  to  health  in  proportion  to  the  density 
of  population  upon  the  water-shed  from  which  the  supply  is 
derived.  This  statement,  however,  needs  much  qualification, 
because  it  makes  a  very  great  dijSerence  whether  the  sewage  of 
the  population  enters  the  water  directly  or  is  filtered  through 
the  ground  from  cesspools  ;  and,  even  in  cases  where  sewage 
does  enter  the  water  more  or  less  directly,  the  time  which 
elapses  between  such  entrance  and  the  drinking  of  the  water  is 
a  very  important  element.  For  instance,  the  discharge  of  the 
sewage  of  the  city  of  Lowell  into  the  Merrimack  River,  so  that 
within  a  day  it  may  reach  the  intake  of  the  Lawrence  water 
works,  is  a  much  greater  menace  to  the  health  of  the  inhabi- 
tants of  Lawrence  than  the  discharge  of  a  corresponding  amount 
of  sewage  from  Natick  into  the  southerly  division  of  Lake 
Cochituate  (where  the  passage  to  the  northerly  division,  from 
which  water  is  drawn,  requires  months  of  time)  is  to  the  health 
of  the  city  of  Boston.  On  account  of  this  quicker  transmission 
of  the  infectious  matter  by  streams  it  seems  fair  to  say  that,  when 
polluted,  they  are  more  dangerous  as  sources  of  water  supply 
than  reservoirs  and  ponds.  . 

Surface  water  may  have  a  dark  color  owing  to  the  drainage 
from  swamps  ;  or  that  flowing  in  streams  may  become  turbid  with 
suspended  mineral  matter  after  rains  ;  or  the  water  of  reservoirs 
and  ponds  may  be  somewhat  turbid  and  have  a  disagreeable 
taste  and  odor,  owing  to  the  presence  of  algas  and  other  minute 
organisms.  It  is  the  presence  or  absence  of  these  features 
which  can  be  recognized  by  the  senses  that  generally  deter- 
mines the  quality  of  a  water  in  the  public  mind.     The  organ- 
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isms  which  produce  the  disagreeable  tastes  and  odors  are  not 
the  so-called  disease  germs,  and  the  experience  of  cities  and 
towns  using  waters  which  generally  contain  these  organisms 
does  not  indicate  that  they  have  a  noticeable  influence  upon  the 
health  of  the  community.  When  present  in  large  numbers, 
however,  they  often  make  the  water  so  disagreeable  to  the 
senses  that  it  is  unfit  for  drinking,  and  in  this  way  are  a  great 
evil.  They  very  rarely  occur  in  abundance  in  the  water  of 
streams,  but  are  most  frequently  abundant  in  stored  waters. 
All  stored  waters,  however,  are  not  equally  affected,  the 
character  of  the  water  and  the  manner  in  which  it  is  stored 
having  an  important  influence  upon  the  amount  of  these 
growths.  This  subject  was  fully  discussed  in  the  special 
report  of  the  Board  on  Water  Supply  and  Sewerage,  Part  I., 
1890,  pp.  740-749. 

As  a  result  of  this  discussion  it  was  found  that  unpolluted 
deep  ponds  generally  furnished  a  water  free  from  bad  tastes 
and  odors,  and  deep  storage  reservoirs  prepared  by  the  removal 
of  all  of  the  soil  and  vegetable  matter  from  the  bottom  and 
sides  were  equally  satisfactory  for  the  storage  of  water.  The 
effect  of  density  of  population  upon  the  water-shed  was  also 
found  to  be  one  of  the  most  important  factors  in  causing  these 
troublesome  growths,  which  seem  to  develop  in  abundance 
where  the  water  is  supplied  with  nitrogenous  matter  from 
sewage  and  the  animal  manures  produced  or  used  in  populous 
districts.  The  effect  appears  to  be  nearly  the  same  when  the 
sewage  is  purified  by  filtration  through  the  ground  before 
entering  the  water  supply,  as  when  it  is  discharged  directly 
into  it. 

Experience  shows  that  where  the  population  exceeds  300  per 
square. mile  of  water-shed,  the  stored  water,  whether  contained 
in  a  natural  pond  or  artificial  reservoir,  is  particularly  liable  to 
produce  an  abnormal  growth  of  organisms,  and  in  consequence 
give  trouble  from  bad  tastes  and  odors.  Shallow  storage 
reservoirs  from  which  the  soil  and  vegetable  matter  have  not 
been  removed  generally  give  trouble,  and  the  large  and  deep 
reservoirs  of  the  same  character  are  by  no  means  exempt. 

The  color  of  the  water  which  enters  the  pond  or  reservoir 
does  not  appear  to  have  a  marked  effect  upon  the  growth  of 
organisms.     A  water  having  much  color  generally  has  a  notice- 
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able  taste  caused  by  the  vegetable  matter  in  solution  which 
produces  the  color.  This  taste,  however,  is  not  particularly 
disagreeable. 

Natural  waters  from  regions  where  limestone  abounds  are 
frequently  too  hard  to  be  satisfactory,  either  for  washing  or 
boiler  purposes ;  but  in  Massachusetts  these  conditions  exist 
only  in  limited  portions  of  the  western  part  of  the  State.  In 
the  eastern  portion  of  the  State  the  natural  waters  are  soft, 
and  it  is  only  through  pollution  that  they  become  hard.  There 
are,  however,  very  few  surface  waters,  except  in  the  extreme 
western  part  of  the  State,  which  are  not  suitable  for  washing 
and  for  use  in  boilers. 

There  are  several  ways  in  which  the  purification  of  surface 
water  of  unsatisfactory  quality  can  be  efiected  by  artificial 
methods,  —  as,  for  instance,  by  filtration  through  sand;  but 
this  can  only  be  done  with  considerable  difficulty  and  expense. 
It  is  therefore  the  best  plan,  in  selecting  a  surface  water,  to 
obtain  one  which  will  not  require  artificial  purification.  When 
water  is  taken  from  the  ground  near  streams  and  ponds  it  is 
often  to  a  large  extent  surface  water  so  thoroughly  filtered  that 
it  cannot  be  distinguished  from  the  natural  ground  water.' 
This  method  of  purification  by  natural  filtration  is  an  excellent 
one  to  adopt  where  there  is  a  sufficient  area  of  porous  ground 
adjoining  the  surface  water  source. 

Quality  of  Ground  Water. 

With  ground  waters  as  with  surface  waters,  the  quality  must 
be  considered  from  several  points  of  view.  First,  the  water 
must  not  be  dangerous  to  health  ;  second,  it  must  be  free  from 
any  bad  taste,  odor  and  appearance  which  will  make  it  dis- 
agreeable as  a  drinking  water ;  and  third,  it  should  be  suitable 
for  domestic  and  boiler  uses.  The  danger  to  health  comes,  as 
with  surface  waters,  from  sewage  pollution  ;  but  a  ground  water 
is  not  as  liable  to  such  pollution  as  a  surface  water,  because 
during  the  passage  of  the  water  to  the  well  both  the  suspended 
and  soluble  organic  matters,  including  the  bacteria,  are  to  a 
very  large  degree  retained  by  the  ground  or  oxidized  into 
harmless  inorganic  compounds. 

As  a  result  of  this  purifying  action,  ground  water  draining 
from  a  territory  which  has    upon  it  considerable   population 
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(provided  it  is  not  too  near  the  well)  is  often  less  contaminated 
than  surface  waters  draining  a  territory  much  less  thickly  pop- 
ulated. This  statement  is  not  intended  to  encourage  the  loca- 
tion of  ground  water  sources  where  they  will  obtain  their  supply 
from  a  populated  district,  because  such  action  is  inadvisable 
where  an  entirely  uncontaminated  source  can  be  obtained,  even 
at  a  large  additional  expense ;  and  it  is  only  where  such  a 
supply  cannot  be  obtained  that  the  relative  merits  of  supplies 
from  even  slightly  polluted  territory  should  be  considered. 

It  may  be  well  in  this  place  to  call  attention  to  the  great 
difference  which  usually  exists  in  the  quality  of  water  from 
public  and  private  wells.  The  former  are  usually  located  at  a 
considerable  distance  from  any  habitation,  so  that  even  if  they 
draw  polluted  water  from  populous  districts  it  has  to  pass  a 
long  distance  through  the  ground  before  reaching  the  well,  and 
is  generally  diluted  by  a  large  amount  of  water  from  other 
directions  entirely  free  from  pollution ;  and  these  public  wells 
are  also,  as  a  rule,  thoroughly  protected  from  the  entrance  of 
surface  washings  or  the  accidental  entrance  of  other  foul  matters. 
The  typical  private  well  in  a  village,  on  the  other  hand,  often 
receives  a  considerable  portion  of  its  water  from  cesspools 
located  so  near  it  that  the  polluted  water  does  not  become  at 
all  thoroughly  purified  by  its  passage  to  the  well,  and  the 
direct  entrance  of  surface  and  other  dirty  water  and  foul  mat- 
ters is  not  wholly  prevented. 

In  the  foregoing  statements  we  have  had  in  mind  sources 
which  derive  their  supply  from  what  we  have  before  called  the 
direct  water-shed.  In  the  case  of  sources  which  obtain  their 
supply  by  natural  filtration  from  a  neighboring  stream  or  pond, 
the  conditions  are  somewhat  different.  Even  where  the  color, 
taste  and  odor  are  so  completely  removed  that  these  filtered 
waters  cannot  be  distinguished  from  the  true  ground  waters, 
the  removal  of  the  organic  matter  (and  probably  of  the  bac- 
teria) is  not  quite  as  complete  as  in  the  case  of  the  slower  and 
to  some  extent  intermittent  filtration  from  the  land  side.  If, 
however,  we  refer  to  the  examples  furnished  in  this  State,  we 
find  in  most  instances  that  the  surface  waters  before  filtration 
are  contaminated  so  little,  that  after  being  converted  into  ground 
waters  by  filtration  they  are  about  as  good  from  a  health  stand- 
point as  true  ground  waters  which  more  frequently  derive  their 
supply  from  populous  districts. 
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There  is  another  class  of  waters  obtained  by  natural  filtra- 
tion from  streams  and  ponds  in  such  a  way  that  the  filtration 
is  very  imperfect.  These  imperfectly  filtered  waters  have  some 
of  the  characteristics  of  the  surface  waters  from  which  they  are 
derived,  and  some  of  the  characteristics  of  the  true  ground 
waters.  They  also  have  certain  special  features  of  their  own 
in  that  they  contain  an  unusual  amount  of  free  ammonia,  a 
product  of  decay,  and  the  organism  Crenothrix^  which  grows 
abundantly  in  such  waters.  If  the  surface  waters  before  filtra- 
tion are  objectionable  from  a  health  stand-point,  owing  to  the 
presence  of  disease  germs,  the  imperfectly  filtered  waters  are  sub- 
ject to  the  same  objections  (though  possibly  to  a  less  degree)  ; 
and  the  presence  of  the  intermediate  products  of  decomposi- 
tion must  also  be  regarded  as  an  unfavorable  feature.  It  is  not 
known  that  the  presence  of  Orenothrix  affects  the  healthful- 
ness  of  the  water,  but  it  is  very  objectionable  for  other  reasons 
which  will  be  pointed  out  subsequently. 

With  regard  to  the  taste,  odor  and  appearance  of  ground 
waters,  it  may  be  said  that  at  all  public  supplies  where  the 
water  is  shown  by  chemical  analysis  to  be  completely  purified 
by  filtration,  the  quality  of  the  water  as  it  comes  from  the  ground 
is  satisfactory.  The  previous  pollution  of  the  water  does  not 
give  it  a  disagreeable  taste  or  odor,  but,  on  the  contrary,  by 
increasing  the  mineral  contents  of  the  water,  makes  it  if  anything 
more  palatable.  The  only  trouble  experienced  from  waters  of 
this  class  occurs  after  they  have  been  exposed  to  the  light  in 
open  basins  or  reservoirs,  when  a  bad  taste  and  odor  are  often 
produced  by  the  alg^  and  other  organisms  which  find  conditions 
favorable  to  their  rapid  growth  in  such  waters.* 

The  imperfectly  filtered  waters  retain  some  of  the  taste  and 
odor  of  the  surface  waters  from  which  they  are  derived  and 
often  have  a  turbid  appearance,  owing  both  to  the  imperfections 
of  the  mechanical  filtration  and  to  the  presence  of  the  Oren- 
othrix already  mentioned. 

For  domestic  and  boiler  uses  the  completely  filtered  ground 
waters  are  satisfactory  if  not  too  hard.  In  the  western  part  of 
the  State,  where  there  is  much  limestone,  the  natural  ground 

*  The  effect  of  storing  ground  waters  in  open  reservoirs  is  fully  discussed  in  Part 
I.  of  the  special  report  of  the  Board  upon  Water  Supply  and  Sewerage,  1890,  pp. 
725-734. 
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waters  are  frequently  too  hard  to  be  satisfactory  for  these  pur- 
poses ;  but  in  other  portions  of  the  State,  except  in  the  imme- 
diate vicinity  of  the  sea,  the  unpolluted  ground  waters  are 
but  little  harder  than  the  surface  waters,  and  not  hard  enough 
to  be  objectionable  for  either  of  the  uses  named.  The  exces- 
sive hardness  of  many  of  the  village  wells  and  of  some  pub- 
lic water  supplies  is  due  to  the  inorganic  or  mineral  contents 
of  sewage  and  other  waste  matters  washed  into  the  ground 
from  which  the  supply  is  derived.  These  soluble  mineral  con- 
tents of  polluted  water  cannot  be  removed  by  even  the  most 
complete  filtration.  It  will  therefore  be  seen  that  any  pollu- 
tion upon  the  water-shed  of  a  ground  water  supply  not  only 
affects  the  quality  of  the  water  from  a  health  stand-point,  but  also 
makes  the  water  less  satisfactory  for  domestic  and  boiler  uses. 

Imperfectly  filtered  waters  are  not  generally  objectionable  on 
the  score  of  hardness  ;  but,  as  the  organism  Crenothrix  has  the 
peculiar  property  of  separating  the  dissolved  iron  from  water 
and  incorporating  it  in  its  sheath,  where  it  exists  as  iron-rust, 
such  waters  are  unsatisfactory  for  use  in  the  laundry  because 
white  clothes  become  much  discolored  by  the  rust. 

The  foregoing  statements  are  not  wholly  applicable'  to  very 
deep  wells,  such  as  are  tabulated  on  pages  362,  363,  although, 
in  the  few  instances  in  which  wells  of  this  character  are  used 
for  public  water  supplies  in  this  State,  the  quality  of  the  water 
is  about  the  same  as  that  obtained  from  the  more  shallow  wells. 
In  other  instances  the  quality  of  the  water  obtained  from  very 
deep  wells  has  been  very  unsatisfactory. 

It  may  be  thought  that  the  quality  of  a  ground  water  will 
vary  with  the  method  adopted  for  its  collection ;  as,  for  in- 
stance, that  a  driven  well  will  furnish  better  water  than  an 
excavated  well  or  filter-gallery.  The  examinations  of  the  water 
supplies  of  the  State  do  not  indicate  any  noticeable  difference 
in  the  water  collected  in  these  different  ways,  provided  the 
water  is  not  exposed  to  the  light,  and  the  conditions  are  not 
such  as  to  produce  imperfect  filtration. 

CrenotJirix  is  the  greatest  pest  in  ground  water  supplies  and, 
as  has  been  stated,  is  associated  with  imperfect  filtration.  The 
relation  of  Crenothrix  to  imperfectly  filtered  waters  has  been 
fully  discussed  in  Part  I.  of  the  special  report  of  the  Board, 
1890,  pp.  777-782;  but  the  subject  is  of  so  much  importance 
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when  selecting  a  ground  water  supply,  that  the  conditions 
under  which  Crenothrix  has  been  found  in  abundance  will  be 
referred  to  here.  The  principal  instances  are  furnished  by  the 
water  works  at  Wayland,  Arlington  and  Whitman.  At  each 
of  these  places  the  filter-gallery  is  built  near  the  shore  of  a 
reservoir,  in  material  which  is  not  very  porous ;  and  at  both 
Wayland  and  Arlington  small  branch  galleries  extend  out 
under  the  reservoir  only  a  few  feet  below  its  bed.  In  each  case 
the  chemical  analyses  show  that  the  water  is  imperfectly  filtered 
and  contains  the  products  of  decay.  It  may  also  be  mentioned 
that  in  each  case  the  unfiltered  reservoir  water  contains  a  largfe 
amount  of  organic  matter. 

There  are  other  instances  in  the  State  where  attempts  have 
been  made  to  obtain  filtered  water  by  means  of  systems  of  open- 
jointed  pipes  laid  beneath  the  bottoms  of  reservoirs  ;  but  the 
quality  of  the  water  obtained  has  not  been  good,  owing  probably 
to  imperfect  filtration  and  Crenothrix.  Still  other  instances  in 
which  a  growth  of  Crenothrix  has  caused  trouble  are  given  on 
the  following  page. 

Crenothrix  has  appeared  in  some  of  the  ground  water  sup- 
plies in  the  State  where  the  filtration  is  nearly  complete,  but 
has  not  multiplied  to  such  an  extent  as  to  cause  any  serious 
trouble. 

It  may  be  asked  how  far  it  is  necessary  to  place  a  well  or 
filter-gallery  from  a  stream  to  insure  a  practically  complete 
filtration  of  the  water.  There  are  several  instances  in  the  State 
where  the  bank  intervening  between  the  stream  and  the  well  or 
filter-gallery  is  not  more  than  twenty  or  thirty  feet  in  thick- 
ness, and  yet  the  water  obtained  is  very  completely  filtered. 
These  sources,  however,  are  located  in  very  porous  ground  ; 
and  it  is  probable  that,  owing  to  the  silting  up  of  the  bed  of 
the  stream  opposite  the  well  or  filter-gallery,  by  far  the  greater 
part  of  the  water  has  to  filter  by  a  very  circuitous  course.  It 
is  best,  however,  where  practicable,  to  place  the  well  or  filter- 
gallery  as  much  as  one  hundred  feet  from  the  stream,  and  if 
the  material  is  so  impervious  that  a  sufficient  quantity  cannot 
be  obtained  at  this  distance,  it  may  be  said  that  the  conditions 
are  not  favorable  for  obtaining  a  supply  of  ground  water. 

In  addition  to  the  ground  waters,  already  discussed,  which 
it  has  been  practicable  to  group  with  reference  to  certain  special 
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characteristics,  there  are  others  met  with  under  special  condi- 
tions which  present  some  peculiar  features. 

Wells  driven  in  the  sand  in  some  parts  of  Provincetown,  at 
the  end  of  Cape  Cod,  furnish  water  having  a  very  high  color 
and  a  strong  odor.  This  may  be  accounted  for  by  the  exist- 
ence of  deposits  of  organic  matter,  largely  of  marine  origin, 
beneath  the  sand  drifts  of  this  region. 

In  the  water  supply  of  the  Westborough  Insane  Hospital, 
taken  from  driven  wells  near  Chauncy  Pond,  the  amount  of 
free  ammonia  in  the  water  has  always  been  extremely  high, 
and  after  several  years'  use  of  the  wells  has  increased  about  a 
half.  The  organic  nitrogen  has  also  increased  to  more  than 
twice  the  original  amount,  and  Crenothrix  and  other  organic 
growths  are  now  found  in  the  pipes,  making  the  water  unsatis- 
factory for  use  in  the  laundry  on  account  of  the  rusty  stain  left 
upon  the  clothes. 

Wells  sunk  at  Lexington  in  peat,  hard  pan  and  rock  furnish 
water  having  considerable  color,  and  some  other  characteristics 
of  surface  water. 

There  is  an  instance  where  water  taken  from  a  filter-gallery 
beneath  the  bed  of  an  old  mill-pond  has  color  and  turbidity, 
owing  to  the  presence  of  Crenothrix  and  Zodgloea,  \b  hard,  and 
has  an  offensive  odor.  In  another  instance,  wells  driven  in  a 
salt  marsh  have  furnished  very  hard  water.  Still  another 
instance  may  be  mentioned  in  which  a  driven  well  near  a  large 
swamp  has  furnished  a  water  which  was  colorless  when  drawn, 
but  acquired  considerable  color  on  standing  for  a  day,  and  also 
had  the  odor  of  sulphuretted  hydrogen. 

These  special  cases  have  not  been  sufficiently  investigated  to 
warrant  an  extended  discussion  at  the  present  time,  but  they 
are  mentioned  to  indicate  the  necessity,  notwithstanding  the 
general  good  character  of  ground  waters,  of  having  analyses 
made  of  water  from  test  wells,  and  of  considering  carefully 
what  changes  in  the  character  of  the  water  may  occur  when 
the  currents  of  water  in  the  ground  are  changed  by  continu- 
ous pumping. 
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REPORT  UPON  FOOD  AND  DRUG  INSPECTION. 


The  following  report  embraces  the  work  of  the  Board, 
which  has  been  conducted  during  the  year  ending  SejDt.  30, 
1890,  under  the  provisions  of  chapter  263  of  the  Acts  of 
1882  and  chapter  289  of  the  Acts  of  1884. 

The  following  analysts  and  inspectors  have  constituted  the 
working  force  of  the  Board,  and  have  performed  the  duties 
required  by  the  statutes  and  the  regulations  of  the  Board 
relative  to  food  and  drug  inspection  :  — 


Dr.  Bennett  F.  Davenport,   . 
Dr.  Charles  Harrington, 
Prof.  Charles  A.  Goessmann, 
Dr.  Charles  P.  Worcester, 

John  H.  Terry, 
John  F.  McCaffrey, 
Horace  F.  Davis, 


Analyst. 
Analyst. 
Analyst. 
Analyst. 

Inspector. 
Inspector. 
Inspector. 


The  number  of  samples  of  food  and  drugs  examined  dur- 
ing the  year  was  5,985,  which  was  larger  than  that  of  any 
previous  year,  making  the  total  number  of  samples  examined 
under  the  provisions  of  the  acts  relating  to  food  and  drug 
inspection  35,671. 

The  following  summary  presents  the  classified  statement 
in  brief  of  the  work  done  during  the  year  :  — 


Number  of  samples  of  food  examined, 

"  "  "     found  to  be  pure, 

"  "  "     adulterated,  or  not 

the  statutes. 

Percentage  of  adulteration. 

Number  of  samples  of  milk  (included  above), 
"  "  "        above  standard, 

"  "  "        below  standard,  or 

terated. 

Percentage  of  adulteration, 


. 

5,585 

. 

3,771 

conforming  to 

1,814 

32.5 

.... 

3,236 

. 

1,858 

otherwise  adul- 

. 

1,378 

•         .         .         . 

42.6 
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Number  of  samples  of  drugs 


of  good  quality,   .         . 
"                "                  "       not  conforming  to  the  statutes, 
Percentage  of  adulteration, 

Total  examinations  of  food  and  drugs,        .... 

"  "  of  good  quality, 

"            "          not  conforming  to  the  statutes,     . 
Percentage  of  adulteration, 


400 
325 

75 
1.87 

5,985 
4,096 
1,889 
31.5 


A  further  summary  is  also  presented,  for  the  purpose  of 
comparison  with  the  work  of  previous  years  :  — 


I 
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Food. 

With  reference  to  the  comparative  freedom  from  adultera- 
tion which  prevails  among  certain  articles  of  food,  the  Board 
has  been  accustomed  to  publish  a  statement  in  its  monthly 
bulletin  upon  food  and  drug  inspection,  to  the  effect  that 
"  certain  staple  products,  such  as  sugar,. flour  and  the  various 
other  cereal  products,  are  very  rarely  adulterated,  and  require 
but  little  inspection.  The  work  of  the  Board  is  therefore 
mainly  devoted  to  the  inspection  of  such  articles  as  it  has 
found,  by  several  years  of  experience,  to  be  especially  liable 
to  adulteration." 

The  foregoing  statement  applies,  without  limitation,  to 
the  investigations  of  the  Board  during  the  past  year.  Fort- 
unately, harmful  adulterations  are  of  rare  occurrence,  with 
the  single  exception  of  the  fraudulent  introduction  of  water 
into  milk,  a  method  of  adulteration  which  is  not  only  pro- 
ductive of  harm  in  a  negative  way,  by  the  impoverishment 
of  this  valuable  food ,  but  also  frequently  by  the  introduction 
of  water  from  polluted  sources. 

The  principal  articles  which  are  found  to  be  adulterated 
are  milk,  butter,  lard,  olive  oil,  vinegar,  cream  of  tartar, 
spices  of  various  kinds,  especially  pepper,  molasses,  syrups, 
honey  and  other  articles  into  which  glucose  enters  as  an 
ingredient,  and  coffee. 

With  few  exceptions,  but  little  trouble  has  been  expe- 
rienced during  the  past  year  from  manufacturers  and  whole- 
sale dealers  doing  business  in  Massachusetts.  On  the  other 
hand,  more  or  less  annoyance  is  constantly  occasioned  by  the 
introduction  of  adulterated  articles  coming  from  manufact- 
urers and  wholesale  dealers  in  neighboring  States.  Many  of 
the  complaints  which  have  been  entered  in  the  courts  in  the 
four  western  counties  of  the  State  during  the  past  year  have 
been  of  this  character. 

The  following  list  comprises  the  articles  of  food,  exclusive 
of  milk,  which  were  obtained  by  the  inspectors  during  the 
year  and  were  submitted  to  the  analysts  of  the  Board  for 
examination  :  — 
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Allspice 

70 

67 

3 

Maple  sugar,  . 

24 

19 

5 

Baking  powders, 

8 

1 

7 

Maple  syrup,  . 

33 

20 

13 

Bntterand  oleomargarine, 

164 

110 

54 

Molasses, 

507 

439 

68 

Candy 

14 

14 

- 

Mustard, 

66 

45 

21 

Canned  vegetables, . 

2 

2 

- 

Nutmeg,  . 

2 

2 

_ 

Cassia 

159 

150 

9 

Olive  oil. 

16 

4 

12 

Cayenne 

20 

17 

3 

Pepper,  black. 

185 

152 

33 

Cheese 

22 

22 

- 

Pepper,  white, 

25 

20 

5 

Chicory 

1 

1 

- 

Pimento, . 

3 

3 

Cloves,       .... 

143 

124 

19 

Sage, 

1 

1 

_ 

Cocoa,        .... 

4 

3 

Salad  oil. 

1 

1 

_ 

Coffee 

21 

18 

3 

Savory,    . 

1 

1 

_ 

Cream  of  tartar, 

254 

224 

30 

Soda, 

12 

12 

_ 

Curry,      .... 

1 

- 

Sugar, 

25 

23 

2 

Egg  custard. 

1 

- 

Syrup,     . 

3 

_ 

3 

Crystallized  figs. 

1 

- 

Tea, 

66 

66 

_ 

Gelatine 

2 

2 

_ 

Extract  of  vanilla. 

2 

1 

1 

Ginger 

72 

66 

6 

Vermicelli, 

1 

1 

Honey 

29 

23 

6 

Vinegar, . 

105 

65 

40 

Lard,          .... 

22 
4 
15 

15 

1 

13 

7 
3 

2 

Lemon  juice,    . 

Mace,         .... 

Total,     . 

2,110 

1,752 

358 

The  articles  which  appear  prominently  in  this  list  are 
butter,  cream  of  tartar,  the  different  spices,  honey,  maple 
syrup,  molasses  and  vinegar.  More  definite  information  as 
to  the  character  of  the  adulteration  in  these  articles  will  be 
found  in  the  reports  of  the  analysts  of  food. 

It  is  worthy  of  notice  that  all  of  the  samples  of  molasses 
found  to  be  adulterated  contained  glucose  only  as  a  sub- 
stitution. 


The  Artificial  Coloring  of  Vegetables  with  Sulphate  of 
Copper. 

In  the  nineteenth  report  of  the  Board  (1887)  it  was 
stated  that  the  sale  of  canned  vegetables  which  were  found 
to  be  colored  with  sulphate  of  copper  was  deemed  to  be  con- 
trary to  the  provisions  of  the  Act  of  1882  relative  to  food 
and  drug  inspection.  The  reasons  for  this  opinion  Avere 
concisely  stated  in  that  report,  and  parties  selling  such 
preparations  were  notified  that  their  sale  was  in  violation 
of  the  statutes. 

In  support  of  this  opinion,  as  well  as  of  the  impropriety 
of  sanctioning  in  general  the  sale  of  food  preparations  con- 
taining  poisonous    substances,    the    action    of  the    sanitary 
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authorities  of  Glasgow  is  worthy  of  notice  as  bearing  upon 
this  special  question.  In  their  report,  dated  Nov.  24,  1890, 
entitled  ' '  A  Report  on  the  Greening  of  French  Vegetables 
with  Sulphate  of  Copper,"  the  question  is  very  clearly  stated 
as  follows  :  — 

It  appears  that  a  commission  was  appointed  by  the  Comit^ 
Consultatif  d'Hygiene  of  France  to  report  upon  the  question  in 
1877.  This  committee  denounced  the  practice  of  coloring  food 
with  sulphate  of  copper  in  the  strongest  terms.  M.  Pasteur 
added  his  condemnation  of  the  practice  in  the  following  terms  : 
"The  administration  ought  not  the  less  to  forbid  the  treatment 
of  preserved  food  stuffs  with  salts  of  copper.  The  person  who 
asks  for  pease,  asks  for  a  natural  product  of  vegetation  which 
contains  no  copper.  There  can  be  no  tolerance  except  on  one 
condition,  that  the  maker  and  the  seller  shall  mark  their  boxes 
'  Preserved  pease  greened  with  sulphate  of  copper.'  In  that  case 
tolerance  would  amount  to  absolute  prohibition,  for  it  is  improb- 
able that  any  consumer  would  put  up  with  a  food  so  marked." 
(Annales  d'Hygiene,  1880.) 

Other  commissioners  reported  in  the  same  manner,  and  the 
French  government  reaffirmed  the  prohibition  until  April,  1889, 
when  the  manufacturers  so  persistently  renewed  their  demands  that 
the  prohibition  was  withdrawn.  Toleration  had  been  proposed 
on  the  following  conditions  :  — 

1.  A  maximum  limit  of  coppei*  to  be  prescribed. 

2.  The  nature  of  the  coloring  matter  to  be  stated  in  each  can  of 

vegetables. 

3.  Coloring  with  copper  for  export  to  be  sanctioned,  but  not  for  home 

use. 

The  reasons  for  this  withdrawal  are  sufficiently  plain  and  are 
honestly  confessed  in  the  report  of  M.  Grimaux,  upon  which  the 
withdrawal  was  based,  namely,  interference  with  a  national  indus- 
try. He  says:  "Our  duty  as  hygieists  is  difficult.  Ou  the  one 
hand,  in  fact,  our  proper  inclination  is  to  prohibit  the  introduc- 
tion into  food  stuffs  of  any  substance  which  cannot  be  held  to  be 
a  food,  and  which  consequently  may  be  more  or  less  injurious, 
hut  if  we  adopted  this  consideration  as  an  absolute  rule  we  sliould 
place  our  industry  under  troublesome  conditions,  and  that  is  a 
consideration  which  the  interests  of  our  country  must  not  permit  us 
to  forget." 
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The  Scottish  authorities,  in  reviewing  this  action  of  the  French 
government,  summed  up  the  matter  very  clearly  as  follows  :  — 

' '  After  careful  consideration  of  the  report  by  which  the  with- 
drawal of  the  prohibition  of  the  use  of  copper  salts  in  reverdissage 
in  France  is  supported,  we  can  see  nothing  in  it  but  a  feeble 
apology  for  yielding  at  last  to  a  clamorous  and  persistent  national 
interest.  As  representing  the  consumer,  we  may  ask  why  all  these 
commissions,  reports  and  experiments  to  induce  us  to  eat  vege- 
tables stained  with  sulphate  of  copper?  The  process  is  not 
necessary  to  preserve  them,  and  thus  enable  us  to  -have  the 
advantage  of  cheap  vegetable  diet  at  periods  of  the  year  when 
fresh  vegetables  are  not  to  be  had.  It  is  not  a  case  of  submitting 
to  a  little  risk  in  order  that  an  otherwise  inaccessible  source  of 
food  supply  may  be  thrown  open  to  the  people.  A  French  minis- 
ter of  agriculture  and  commerce  tells  us  that  the  question  involved 
is  one  '  simply  of  coloring,  with  no  other  object  but  to  please  the 
eye.'  The  foolish  public  expects  to  get  green  pease  at  Christmas 
such  as  it  gets  fsom  the  market  gardens  in  summer.  The  French 
manufacturer  makes  them  to  suit  its  whim.  The  consequence  is 
that  it  eats  stale  pease  greened  with  sulphate  of  copper  all  the  year 
round.  .  .  .  Internal  economic  and  political  considerations  form 
so  large  an  element  in  this  question,  from  a  French  point  of  view, 
that  a  single  remark  may  be  permitted  on  their  British  aspect, 
and  it  is  this  :  The  cultivator  of  the  genuine  fresh  green  vege- 
table is  grossly  prejudiced  by  the  substitution  for  the  produce  of 
our  market-gardens  of  last  season's  growth  of  foreign  market- 
gardens,  colored  so  as  to  mislead  the  eye." 

So  far  as  our  own  population  is  concerned  this  question  is 
not  merely  one  which  appeals  to  the  agricultural  interests  of 
the  community ;  it  is  a  question  which  has  a  direct  sanitary 
bearing,  since  the  actual  use  of  coloring  matters  in  food  is 
almost  invariably  to  give  to  inferior  articles  a  fictitious 
value,  and  to  cause  old  and  stale  products  to  imitate  those 
which  are  new  and  fresh.  The  introduction  of  metallic 
poisons  in  any  amount  whatever  should  have  no  legitimate 
place  in  the  food  supply  of  the  people. 

The  following  are  the  cities  and  towns  to  which  such 
notices  were  sent  during  the  year  on  account  of  adulterated 
articles  of  food  :  — 
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Cities  and  Towns  to  which  Notices  ivere  sent  on  account  of  Adulter- 
ated Articles  of  Food. 


Amherst, 

2 

Boston,   . 

25 

Brockton, 

1 

Brookline, 

1 

Cambridge, 

12 

Chelsea, . 

1 

Chico23ee, 
Clinton,  . 

4 
8 

Fall  River, 

4 

Fitchburg, 

1 

Gloucester, 

9 

Greenfield, 
Haverhill, 

3 
6 

Holyoke, 
Hyde  Park, 
Lexington, 

14 
2 

1 

Lawrence, 

6 

Lowell,  . 

7 

Marlborough, 

1 

Milford, . 

4 

Nantucket, 

2 

Natick,   . 

1 

New  Bedford, 

1 

Newton, . 

1 

North  Adams, 

6 

Northampton, 

North  Andover, 

Norwood, 

Orange,  . 

Palmer,  . 

Pittsfield, 

Provincetown, 

Quincy,  . 

Salem,    . 

Shelburne  Falls, 

Southborough, 

Springfield, 

Taunton, 

Turner's  Falls, 

Wakefield, 

Ware,     . 

Wayland, 

Westfield, 

Weymouth, 

Woburn, 

Wood's  Hell, 

Worcester, 

Total, 


4 
1 
1 
1 
2 
6 
3 
5 
2 
2 
1 
14 
4 
4 
1 
1 
4 
1 
1 
2 
8 
7 

193 


Inspection  of  Poek. 

Iq  the  general  report  of  the  Board,  page  xxxix,  certain 
cases  of  trichinosis  are  detailed  which  came  to  the  notice 
of  the  Board  during  the  past  year. 

These  cases  are  of  rare  occurrence  when  compared  with 
the  frequency  of  other  diseases,  although  as  was  shown  in 
the  report  of  Professor  Mark  in  the  twentieth  annual  report 
of  the  Board  trichinosis  was  shown  to  be  a  disease  of  quite 
common  occurrence  in  the  hog  in  Massachusetts,  especially 
in  animals  fed  upon  the  garbage  of  the  large  cities  and 
public  institutions.  Should  the  recent  national  laws  relat- 
ing to  the  inspection  of  pork  intended  for  exportation  be 
rigidly  enforced  it  may  become  a  vital  question  whether  such 
enforcement  will  not  have  a  tendency  to  increase  the  amount 
of  trichinous  pork  which  may  be  ofiered  for  sale  in  our  own 
markets. 
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The  laws  of  Massachusetts  relative  to  the  inspection  of 
meats  and  provisions  in  the  towns  and  cities  are  permissive 
only,  and  allow  the  appointment  of  inspectors  but  do  not 
require  such  appointment.  The  regulations  of  the  Secretary 
of  Agriculture  suggest  the  propriety  of  more  definite  legisla- 
tion than  exists  at  present  in  this  State,  where  large  numbers 
of  hogs  are  annually  slaughtered  and  packed  for  export. 

The  following  regulation  of  the  Department  of  Agricult- 
ure has  special  reference  to  this  subject :  — 

15.  All  hogs  reported  by  the  microscopist  to  the  inspector  in 
charge  of  the  cooling-room  to  be  affected  with  trichina  will  at 
once  be  removed  from  said  cooKng-room  of  said  establishment 
under  the  supervision  of  said  inspector,  or  one  of  his  deputies, 
and  be  disposed  of  by  the  owner  in  such  manner  as  may  be  required 
by  the  laws  of  the  State  where  said  factory  is  situated. 

As  these  laws  and  regulations  are  matters  of  public  sani- 
tary importance  they  are  herewith  published  in  full. 


REGULATIONS  FOR  THE  INSPECTION  OF  SALTED 
PORK  AND  BACON  FOR  EXPORT. 

United  States  Department  of  Agriculture, 
Office  of  the  Secretary, 

Washington,  D.  C,  Sept.  12,  1890. 

By  virtue  of  the  authority  conferred  upon  the  Department  of 
Agriculture  by  section  1  of  an  act  entitled  "An  Act  providing 
for  the  inspection  of  meats  for  exportation,  prohibiting  the  impor- 
tation of  adulterated  articles  of  food  or  drink,  and  authorizing 
the  President  to  make  proclamation  in  certain  cases,  and  for  other 
purposes,"  approved  Aug.  30,  1890,  the  following  regulations  for 
the  inspection  of  salted  pork  or  bacon  for  export,  and  the  marks, 
stamps  or  other  devices  for  the  identification  of  the  same,  are 
hereby  prescribed  :  — 

1.  Whenever  any  foreign  country,  by  its  laws,  regulations  or 
orders,  requires  the  inspection  of  salted  pork  or  bacon  imported 
into  such  country  from  the  United  States,  all  packers  or  exporters 
desiring  to  export  to  said  country  shall  make  application  to  the 
Secretary  of  Agriculture  for  such  inspection  ;  also,  whenever  any 
buyer,  seller  or  exporter  of  such  meats  intended  for  exportation 
shall  desire  inspection  thereof,  he  shall  likewise  make  application 
to  the  Secretary  of  Agriculture  for  such  inspection. 
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2.  The  application  must  be  iu  writing,  and  shall  give  the  name 
of  the  packer  of  such  meats  and,  if  the  packer  be  the  exporter, 
the  probable  amount  of  such  meats  to  be  exported  per  week  or 
month  for  which  inspection  is  requested  ;  the  name  of  the  country, 
or  countries,  to  which  such  meats  are  to  be  exported ;  the  place  at 
which  inspection  is  desired  and  the  date  for  such  inspection ^  The 
applicant  shall  likewise  agree  to  abide  by  these  regulations,  and  to 
mark  his  packages  as  hereinafter  provided. 

3.  Every  package  containing  salted  pork  or  bacon  which  has 
been  inspected  must  be  branded  or  stencilled,  both  on  the  side  and 
on  the  top,  by  the  packer  or  exporter,  as  follows  :  — 

For  Export. 

a.  Plere  give  the  name  of  the  packer. 

b.  Here  the  location  and  State  of  the  factory  where  packed. 

c.  Here  give  the  net  weight  of  the  salted  pork  or  bacon  contained 

in  the  package. 

d.  If  exported  by  other  than  packer,  the  name  of  the  exporter. 

e.  Name  of  consignee  and  point  of  destination. 

The  letters  and  figures  in  the  above  brand  shall  be  of  the  fol- 
lowing dimensions  :  The  letters  in  the  words  "  For  Export "  shall 
not  be  less  than  three-fourths  of  an  inch  in  length,  and  all  the 
other  letters  and  figures  not  less  than  one-half  inch  in  length.  All 
letters  and  figures  affixed  to  the  top  and  side  shall  be  legible  and 
shall  be  in  such  proportion  and  of  such  color  as  the  meat  inspector 
of  the  Department  of  Agriculture  may  designate. 

4.  The  meat  inspector  of  the  Department  of  Agriculture,  hav- 
ing, after  inspection,  satisfied  himself  that  the  articles  inspected 
are  wholesome,  sound  and  fit  for  human  food,  shall  aflfix  to  the 
top  of  said  package  a  meat  inspection  stamp,  to  be  furnished  by 
the  Department  of  Agriculture,  said  stamps  bearing  serial  num- 
bers, and  the  inspector  will  write  on  said  stamp  the  date  of  inspec- 
tion. The  stamp  must  be  securely  affixed  by  paste  and  tacks,  in 
such  a  way  as  to  be  easily  read  when  the  package  is  standing  on 
its  bottom.  No  less  than  five  tacks  shall  be  driven  through  each 
stamp,  one  at  each  corner  and  one  in  the  middle  of  the  stamp. 

The  stamp  having  been  aflSxed  it  must  be  immediately  can- 
celled. For  this  purpose  the  inspector  will  use  a  stencil  plate  of 
brass  or  copper,  in  which  will  be  cut  five  parallel  waved  lines  long 
enough  to  extend  beyond  each  side  of  the  stamp  on  the  wood  of 
the  package.  At  the  top  of  said  stencil  will  be  cut  the  name  of 
the  inspector  and  at  the  bottom  of  said  stencil  will  be  cut  the 
district  in  which  inspection  is  made.  The  imprinting  from  this 
plate  must  be  with  blacking  or  other  durable  material,  over  and 
across  the  stamp,  and  in  such  manner  as  not  to  deface  the  reading 
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matter  on  the  stamp,  that  is,  so  as  not  to  daub  and  make  it  illegi- 
ble. The  stamp  having  been  affixed  and  cancelled  it  must  imme- 
diately be  covered  with  a  coating  of  transparent  varnish  or  other 
substance.  Orders  for  stamps  must  be  made  by  the  inspector  on 
the  chief  of  the  Bureau  of  Animal  Industry.  The  inspector, 
having  inspected  and  found  wholesome  the  contents  of  said  pack- 
age and  affixed  the  stamp  thereon,  will  issue  to  the  packer  or 
exporter  a  certificate  of  inspection,  reciting  the  time  and  place  of 
inspection,  the  name  of  the  packer,  the  name  of  the  exporter  and 
the  name  of  the  consignee  and  country  to  which  exported.  He 
will  also  place  on  said  certificate  the  number  of  the  package. 
One  certificate  only  will  be  issued  for  each  consignment,  and  must 
designate  the  stamp  numbers  of  all  the  packages  contained  in  said 
consignment. 

5.  The  inspector  will  enter  in  the  stub  of  his  stamp  book  the 
information  given  by  the  packer's  brand  on  the  package  inspected, 
and  will  report  daily  on  blank  form  (m.  i.  1),  the  number  of 
stamps  issued  on  each  date,  and  all  the  information  required  by 
said  blank. 

6.  The  certificates  of  inspection  will  be  furnished  by  the 
Department  of  Agriculture  and  be  issued  in  serial  numbers  and  in 
triplicate  form.  The  inspector  will  deliver  one  copy  of  said  cer- 
tificate to  the  consignor  or  shipper  of  such  meat  inspected  ;  one 
copy  he  will  attach  to  the  invoice  or  shipping  bill  of  such  meat, 
and  the  third  copy  he  will  forward  to  the  chief  of  the  Bureau  of 
Animal  Industry  of  the  Department  of  Agriculture  for  filing 
therein.  He  will  likewise  make  a  daily  report  on  blank  form  (m. 
i.  2)  of  all  certificates  issued  on  that  date,  and  fill  out  said  blank 
with  all  the  information  required  thereon. 

7.  Whenever  the  inspection  of  any  salted  pork  or  bacon  is 
requested  by  an  exporter  or  shipper  at  any  other  place  than  where 
packed,  the  packages  containing  such  meats  are  to  be  opened  and 
closed  at  the  expense  of  the  exporter,  and  said  packages  must  be 
branded  or  stencilled  in  the  same  manner  and  contain  the  same 
information  as  prescribed  in  the  case  of  inspection  for  a  packer. 

J.  M.  Rusk,  Secretary. 

[PuKLic  — No.  247.] 
An  Act  providing  for  an  inspection  of  meats  for  exportation,  prohiiut- 

INfJ  THE  importation  OF  ADULTERATED  ARTICLES  OF  FOOD  OR  DRINK,  AND 
authorizing  the  president  to  make  PROCLAMATION  IN  CERTAIN  CASES, 
AND   FOR  OTHER  PURPOSES. 

Be  it  enacted  by  the  Senate  and  House  of  Eepreseyitatives  of  the 
United  States  oj  America  in  Congress  assembled,  That  the  Secre- 
tary of  Agriculture  may  cause  to  be  made  a  careful  inspection  of 
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salted  pork  and  bacou  intended  for  exportation,  with  a  view  to 
determining  whether  the  same  is  wholesome,  sound  and  fit  for 
human  food,  whenever  the  laws,  regulations,  or  orders  of  the 
government  of  any  foreign  country  to  which  such  pork  or  bacou  is 
to  be  exported  shall  require  inspection  thereof  relating  to  the  im- 
portation thereof  into  such  country,  and  also  whenever  any  buyer, 
seller,  or  exporter  of  such  meats  intended  for  exportation  shall 
request  the  inspection  thereof. 

Such  inspection  shall  be  made  at  the  place  where  such  meats  are 
packed  or  boxed,  and  each  package  of  such  meats  so  inspected 
shall  bear  the  marks,  stamps,  or  other  device  for  identification 
provided  for  in  the  last  clause  of  this  section  :  provided,  that  an 
inspection  of  such  meats  may  also  be  made  at  the  place  of  ex- 
portation if  an  inspection  has  not  been  made  at  the  place  of  pack- 
ing, or  if,  in  the  opinion  of  the  Secretary  of  Agriculture,  a 
reinspection  becomes  necessary.  One  copy  of  any  certificate 
issued  by  any  such  inspector  shall  be  filed  in  the  Department  of 
Agriculture  ;  another  copy  shall  be  attached  to  the  invoice  of  each 
separate  shipment  of  such  meat,  and  a  third  copy  shall  be  delivered 
to  the  consignor  or  shipper  of  meat  as  evidence  that  packages  of 
salted  pork  and  bacon  have  been  inspected  in  accordance  with  the 
provisions  of  this  act  and  found  to  be  wholesome,  sound  and  fit 
for  human  food ;  and  for  the  identification  of  the  same  such 
marks,  stamps,  or  other  devices  as  the  Secretary  of  Agriculture 
may  by  regulation  prescribe  shall  be  affixed  to  each  of  such 
packages. 

Any  person  who  shall  forge,  counterfeit,  or  knowingly  and 
wrongfully  alter,  deface,  or  destroy  any  of  the  marks,  stamps,  or 
other  devices  provided  for  in  this  section  on  any  package  of  any 
such  meats,  or  who  shall  forge,  counterfeit,  or  knowingly  and 
wrongfully  alter,  deface,  or  destroy  any  certificate  in  reference  to 
meats  provided  for  in  this  section,  shall  be  deemed  guilty  of  a 
misdemeanor,  and  on  conviction  thereof  shall  be  punished  by  a 
fine  not  exceeding  one  thousand  dollars  or  imprisonment  not  ex- 
ceeding one  year,  or  by  both  said  punishments,  in  the  discretion 
of  the  court. 

Sect.  2.  That  it  shall  be  unlawful  to  import  into  the  United 
States  any  adulterated  or  unwholesome  food  or  drug,  or  any 
vinous,  spirituous  or  malt  liquors,  adulterated  or  mixed  with  any 
poisonous  or  noxious  chemical,  drug  or  other  ingredient  injurious 
to  health.  Any  person  who  shall  knowingly  import  into  the 
United  States  any  such  adulterated  food  or  drug,  or  drink,  know- 
ing or  having  reasons  to  believe  the  same  to  be  adulterated,  being 
the  owner  or  the  agent  of  the  owner,  or  the  consignor  or  con- 
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signee  of  the  owner,  or  iu  privity  with  them,  assisting  in  such 
unlawful  act,  shall  be  deemed  guilty  of  a  misdemeanor,  and  liable 
to  prosecution  therefor  in  the  district  court  of  the  United  States 
for  the  district  into  which  such  property  is  imported  ;  and,  on 
conviction,  such  person  shall  be  fined  in  a  sum  not  exceeding  one 
thousand  dollars  for  each  separate  shipment,  and  may  be  im- 
prisoned by  the  court  for  a  term  not  exceeding  one  year,  or  both, 
at  the  discretion  of  the  court. 

Sect.  3.  That  any  article  designed  for  consumption  as  human 
food  or  drink,  and  any  other  article  of  the  classes  or  description 
mentioned  in  this  act,  which  shall  be  imported  into  the  United 
States  contrary  to  its  provisions,  shall  be  forfeited  to  the  United 
States,  and  shall  be  proceeded  against  under  the  provisions  of 
chapter  eighteen  of  title  thirteen  of  the  Revised  Statutes  of  the 
United  States  ;  and  such  imported  property  so  declared  forfeited 
may  be  destroyed  or  returned  to  the  importer  for  exportation  from 
the  United  States  after  the  payment  of  all  costs  and  expenses, 
under  such  regulations  as  the  Secretai-y  of  the  Treasury  may  pre- 
scribe ;  and  the  Secretary  of  the  Treasiiry  may  cause  such  im- 
ported articles  to  be  inspected  or  examined  in  order  to  ascertain 
whether  the  same  have  been  so  unlawfully  imported. 

Sect.  4.  That  whenever  the  President  is  satisfied  that  there  is 
good  reason  to  believe  that  any  importation  is  being  made,  or  is 
about  to  be  made,  into  the  United  States,  from  any  foreign 
country,  of  any  article  used  for  human  food  or  drink  that  is 
adulterated  to  an  extent  dangerous  to  the  health  or  welfare  of  the 
people  of  the  United  States,  or  any  of  them,  he  may  issue  his  proc- 
lamation suspending  the  importation  of  such  articles  from  such 
country  for  such  period  of  time  as  he  may  think  necessary  to  pre- 
vent such  importation  ;  and  during  such  period  it  shall  be  unlawful 
to  import  into  the  United  States  from  the  countries  designated  in 
the  proclamation  of  the  President  any  of  the  articles  importation  of 
which  is  so  suspended. 

Sect.  5.  That  whenever  the  President  shall  be  satisfied  that 
unjust  discriminations  are  made  by  or  under  the  authorit}^  of  any 
foreign  state  against  the  importation  to  or  sale  in  such  foreign 
state  of  any  product  of  the  United  States,  he  may  direct  that  such 
products  of  such  foreign  state  so  discriminating  against  any  prod- 
uct of  the  United  States  as  he  may  deem  proper  shall  be  excluded 
from  importation  to  the  United  States  ;  and  in  such  case  he  shall 
make  proclamation  of  his  direction  in  the  premises,  and  therein 
name  the  time  when  such  direction  against  importation  shall  take 
effect,  and  after  such  date  the  importation  of  the  articles  named 
in  such  proclamation  shall  be  unlawful.     The  President  maj^  at 
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any  time  revoke,  modify,  terminate,  or  renew  any  such  direction 
as,  in  his  opinion,  the  public  interest  may  require. 

Sect.  6.  That  the  importation  of  neat  cattle,  sheep,  and  other 
ruminants,  and  swine,  which  are  diseased  or  infected  with  any 
disease,  or  which  shall  have  been  exposed  to  such  infection 
within  sixty  days  next  before  their  exportation,  is  hereby  pro- 
hibited ;  and  any  person  who  shall  knowingly  violate  the  fore- 
going provision  shall  be  deemed  guilty  of  a  misdemeanor,  and 
shall,  on  conviction,  be  punished  by  a  fine  not  exceeding  five 
thousand  dollars,  or  by  imprisonment  not  exceeding  three  years, 
and  any  vessel  or  vehicle  used  in  such  unlawful  importation  with 
the  knowledge  of  the  master  or  owner  of  said  vessel  or  vehicle  that 
such  importation  is  diseased  or  has  been  exposed  to  infection  as 
herein  described,  shall  be  forfeited  to  the  United  States. 

Sect.  7.  That  the  Secretary  of  Agriculture  be,  and  is  hereby, 
authorized,  at  the  expense  of  the  owner,  to  place  and  retain  in 
quarantine  all  neat  cattle,  sheep  and  other  ruminants,  and  all 
swine,  imported  into  the  United  States,  at  such  ports  as  he  may 
designate  for  such  purposes,  and  under  such  conditions  as  he  may 
by  regulation  prescribe,  respectively,  for  the  several  classes  of 
animals  above  described ;  and  for  this  purpose  he  may  have  and 
maintain  possession  of  all  laads,  buildings,  tools,  fixtures  and 
appurtenances  now  in  use  for  the  quarantine  of  neat  cattle, 
and  hereafter  purchase,  construct  or  rent  as  may  be  necessary, 
and  he  may  appoint  veterinary  surgeons,  inspectors,  officers  and 
employees  by  him  deemed  necessary  to  maintain  such  quarantine, 
and  provide  for  the  execution  of  the  other  provisions  of  this  act. 

Sect.  8.  That  the  importation  of  all  animals  described  in  this 
act  into  any  port  in  the  United  States,  except  such  as  may  be 
designated  by  the  Secretary  of  Agriculture,  with  the  approval  of 
the  Secretary  of  the  Treasury,  as  quarantine  stations,  is  hereby 
prohibited ;  and  the  Secretary  of  Agriculture  may  cause  to  be 
slaughtered  such  of  the  animals  named  in  this  act  as  may  be, 
under  regulations  prescribed  by  him,  adjudged  to  be  infected  with 
any  contagious  disease,  or  to  have  been  exposed  to  infection  so  as 
to  be  dangerous  to  other  animals  ;  and  that  the  value  of  animals  so 
slaughtered  as  being  so  exposed  to  infection  but  not  infected  may 
be  ascertained  by  the  agreement  of  the  Secretary  of  Agriculture 
and  owners  thereof,  if  practicable  ;  otherwise,  by  the  appraisal  by 
two  persons  familiar  with  the  character  and  value  of  such  prop- 
erty, to  be  appointed  by  the  Secretary  of  Agriculture,  whose 
decision,  if  they  agree,  shall  be  final ;  otherwise,  the  Secretary  of 
Agriculture  shall  decide  between  them,  and  his  decision  shall  be 
final ;  and  the  amount  of  the  value  thus  ascertained  shall  be  paid 
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to,  the  owner  thereof  out  of  money  in  the  Treasury  appropriated 
for  the  use  of  the  Bureau  of  Animal  Industry  ;  but  no  payment 
shall  be  made  for  any  animal  imported  in  violation  of  the  pro- 
visions of  this  act.  If  any  animals  subject  to  quarantine  accord- 
ing to  the  provisions  of  this  act  are  brought  into  any  port  of  the 
United  States  where  no  quarantine  station  is  established  the  col- 
lector of  such  port  shall  require  the  same  to  be  conveyed  by  the 
vessel  on  which  they  are  imported  or  are  found  to  the  nearest 
quarantine  station,  at  the  expense  of  the  owner. 

Sect.  9.  That  whenever,  in  the  opinion  of  the  President,  it 
shall  be  necessary  for  the  protection  of  animals  in  the  United 
States  against  infectious  or  contagious  diseases,  he  may,  by  proc- 
lamation, suspend  the  importation  of  all  or  any  class  of  animals 
for  a  limited  time,  and  may  change,  modify,  revoke  or  renew  such 
proclamation,  as  the  public  good  may  require  ;  and  during  the 
time  of  such  suspension  the  importation  of  any  such  animals  shall 
be  unlawful. 

Sect.  10.  That  the  Secretary  of  Agriculture  shall  cause  care- 
ful inspection  to  be  made  by  a  suitable  officer  of  all  imported 
animals  described  in  this  act,  to  ascertain  whether  such  animals 
are  infected  with  contagious  diseases  or  have  been  exposed  to 
infection  so  as  to  be  dangerous  to  other  animals,  which  shall  then 
either  be  placed  in  quarantine  or  dealt  with  according  to  the  regu- 
lations of  the  Secretary  of  Agriculture ;  and  all  food,  litter, 
manure,  clothing,  utensils,  and  other  appliances  that  have  been  so 
related  to  such  animals  on  board  ship  as  to  be  judged  liable  to 
convey  infection  shall  be  dealt  with  according  to  the  regulations 
of  the  Secretary  of  Agriculture  ;  and  the  Secretary  of  Agriculture 
may  cause  inspection  to  be  made  of  all  animals  described  in  this 
act  intended  for  exportation,  and  provide  for  the  disinfection  of 
all  vessels  engaged  in  the  transportation  thereof,  and  of  all  barges 
or  other  vessels  used  in  the  conveyance  of  such  animals  intended 
for  export  to  the  ocean  steamer  or  other  vessels,  and  of  all  head- 
ropes  and  other  appliances  used  in  such  exportation,  by  such 
orders  and  regulations  as  he  may  prescribe  ;  and  if,  upon  such 
inspection,  any  such  animals  shall  be  adjudged,  under  the  regula- 
tions of  the  Secretary  of  Agriculture,  to  be  infected  or  to  have 
been  exposed  to  infection  so  as  to  be  dangerous  to  other  animals, 
they  shall  not  be  allowed  to  be  placed  upon  any  vessel  for  ex- 
portation ;  the  expense  of  all  the  inspection  and  disinfection  pro- 
vided for  in  the  section  to  be  borne  by  the  owner  of  the  vessels  on 
which  such  animals  are  exported.     \^Approved  August  30,  1S90. 
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REGULATIONS  FOR  THE  INSPECTION  OF  LIVE  STOCK 
AND  THEIR  PRODUCTS. 

United  States  Department  of  Agriculture, 
Office  of  the  Secretary, 

Washington,  D.  C,  March  25,  1891. 

The  following  rules  and  regulations,  being  additional  to  the 
rules  and  regulations  heretofore  made  under  the  act  of  Congress 
approved  Aug.  30,  1890,  are  hereby  prescribed  for  the  inspec- 
tion of  live  cattle,  hogs,  and  their  carcasses,  by  virtue  of  the 
authority  conferred  upon  the  Secretary  of  Agriculture  under  the 
provisions  of  the  act  of  Congress  approved  March  3,  1891,  enti- 
tled "An  Act  to  provide  for  the  inspection  of  live  cattle,  hogs, 
and  the  carcasses  and  pi'oducts  thereof  which  are  the  subjects  of 
interstate  commerce,  and  for  other  purposes."       '     . 

Export  Cattle  Inspection. 

1.  The  order  and  regulations  providing  for  the  inspection  of 
export  cattle  and  sheep,  made  Oct.  20,  1890,  under  the  pro- 
visions of  section  10  of  the  act  of  Congress  approved  Aug.  30, 
1890,  are  hereby  continued  in  full  force  and  effect,  the  same  as  if 
made  under  the  provisions  of  the  act  of  March  3,  1891,  and  all 
exporters,  to  secure  clearance  for  their  shipments  of  cattle,  must 
comply  strictly  with  the  said  regulations. 

Meat  Inspection. 

2.  The  proprietors  of  slaughter-houses,  canning,  salting,  pack- 
ing or  rendering  establishments,  engaged  in  the  slaughter  of  cattle, 
sheep  or  swine,  the  carcasses  or  products  of  which  are  to  become 
subjects  of  interstate  or  foreign  commerce,  will  make  application 
to  the  Secretary  of  Agriculture  for  inspection  of  said  animals  and 
their  products. 

3.  The  said  application  must  be  in  writing,  addressed  to  the 
Secretary  of  Agriculture,  Washington,  D.  C,  and  shall  state  the 
location  and  address  of  the  slaughter-house  or  other  establishment, 
the  kind  of  animals  slaughtered,  the  estimated  number  of  animals 
slaughtered  per  week,  and  the  character  and  quantity  of  the  prod- 
ucts to  go  into  interstate  or  foreign  commerce  from  said  establish- 
ment ;  and  the  said  applicant  in  his  appUcation  shall  agree  to 
conform  strictly  with  all  regulations  or  orders  that  may  be  made 
by  the  Secretary  of  Agriculture  for  carrying  on  the  work  of  inspec- 
tion at  such  establishment. 

4.  The  Secretary  of  Agriculture,  upon  receipt  of  said  applica- 
tion and  after  consideration  thereof,  will  give  said  establishment 
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an  official  number,  by  which  all  its  inspected  products  will  there- 
after be  known,  and  this  number  will  be  used  both  by  the  inspect- 
ors of  the  Department  of  Agriculture  and  by  the  owners  of  said 
establishment,  to  mark  the  products  of  the  establishment  as  here- 
inafter prescribed. 

5.  The  Secretary  of  Agriculture  will  appoint  and  designate  a 
veterinary  inspector  to  take  charge  of  the  examination  and  inspec- 
tion of  animals  and  their  products  for  each  establishment  which 
has  been  officially  numbered,  as  prescribed  by  rule  3,  and  will 
detail  to  such  inspector  such  assistants  or  other  employees  as  may 
be  necessary  to  properly  carry  on  the  work  of  inspection  at  said 
establishment.  The  inspector  appointed,  and  all  employees  under 
his  direction,  shall  have  full  and  free  access  at  all  times  to  all  parts 
of  the  building  or  buildings  used  in  the  slaughter  of  live  animals 
and  the  conversion  of  their  carcasses  into  food  products. 

6.  The  veterinary  inspector  in  charge  of  said  establishment  will 
carefully  inspect  all  animals  in  the  pens  of  said  establishment 
about  to  be  slaughtered,  and  no  animal  shall  be  allowed  to  pass 
to  the  slaughtering-room  until  it  has  been  so  inspected.  When- 
ever any  animal  is  found  on  said  inspection  to  be  diseased,  said 
animal  shall  thereupon  be  condemned  by  the  inspector,  and  the 
owner  of  the  same  shall  at  once  remove  it  from  the  premises  and 
dispose  of  it  in  such  manner  as  may  be  provided  by  the  laws  of 
the  State  in  which  said  animal  is  located. 

7.  The  veterinary  inspector  or  his  assistant  shall  carefully  in- 
spect at  time  of  slaughter  all  animals  slaughtered  at  said  estab- 
lishment and  make  a  post-mortem  report  of  the  same  to  the 
Department.  Should  the  carcass  of  any  animal,  on  said  post- 
mortem examination,  be  found  to  be  diseased  and  unfit  for  human 
food,  the  said  carcass  shall  at  once  be  removed  from  said  establish- 
ment under  the  supervision  of  the  inspector  and  be  disposed  of  in 
the  manner  provided  by  the  laws  of  the  State  where  slaughtered. 
Any  owner  of  any  establishment  in  which  inspections  are  being 
made  under  the  provisions  of  the  act  of  March  3,  1891,  who  shall 
wilfully  cause  or  permit  any  animal  which,  upon  inspection,  has 
been  found  to  be  diseased  to  remain  on  said  premises  beyond  the 
time  allowed  by  the  inspector  in  charge  for  its  removal,  shall  for- 
feit his  right  to  inspection,  and  said  establishment  will,  for  such 
time  as  the  Secretary  may  direct,  be  refused  certificates  of  inspec- 
tion upon  its  products. 

8.  The  carcasses  of  cattle  which  leave  said  establishment  as 
dressed  beef  will  be  stamped  by  said  inspector  with  a  numbered 
stamp  issued  by  the  Department  of  Agriculture,  and  a  record  of 
the  same  will  be  sent  to  the  Department  at  Washington. 
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9.  Each  and  every  article  of  food  products  made  from  the  car- 
casses of  animals  inspected  will  be  labelled  or  marked  in  such 
manner  as  the  owner  of  said  establishment  may  direct ;  said  label, 
however,  must  bear  the  official  number  of  the  establishment  from 
which  said  product  came  and  also  contain  a  statement  that  the 
same  has  been  inspected  under  the  provisions  of  the  act  of  March 
3,  1891.     . 

A  copy  of  said  label  must  be  filed  at  the  Department  of  Agri- 
culture, Washington,  D.  C,  and,  after  filing,  said  label  will 
become  the  mark  of  identification,  showing  that  the  products  to 
which  it  has  been  attached  have  been  inspected,  as  provided  by 
these  rules  and  regulations,  and  any  person  who  shall  forge,  coun- 
terfeit, alter  or  deface  said  label  will  be  prosecuted  under  the 
penalty  clause  of  section  4  of  the  act  of  March  3,  1891. 

Each  and  every  package  to  be  shipped  from  said  establishment 
to  any  foreign  country  must  have  printed  or  stencilled,  both  on  the 
side  and  on  the  top,  by  the  packer  or  exporter,  the  following :  — 

For  Export, 

a.  Official  number  of  establishment. 
6.  Xame  of  packer. 

c.  Location  and  State  of  factory. 

d.  Net  weight  of  contents. 

e    Name  of  eon.signee  and  point  of  destination. 

In  case  said  package  is  for  transportation  to  some  other  State  or 
Territory  or  to  the  District  of  Columbia,  in  place  of  the  words 
"For  Export"  the  words  "Interstate  Trade"  shall  be  substi- 
tuted. 

The  letters  and  figures  in  the  above  print  shall  be  of  the  follow- 
ing dimensions  :  The  letters  in  the  words  "For  Export"  or  the 
words  "  Interstate  Trade"  shall  not  be  less  than  three-fourths  of 
an  inch  in  length,  and  the  other  lettei'S  and  figures  not  less  than 
one-half  inch  in  length.  The  letters  and  figures  affixed  to  said 
package  shall  be  legible  and  shall  be  in  such  proportion  and  of 
such  color  as  the  inspector  of  the  Department  of  Agriculture  may 
designate. 

10.  The  inspector  of  the  Department  of  Agriculture  in  charge 
of  said  establishment,  being  satisfied  that  the  articles  in  said 
packages  came  from  animals  inspected  by  him,  and  that  they  are 
wholesome,  sound,  and  fit  for  human  food,  shall  affix  to  the  top 
of  said  packages  meat  inspection  stamps  to  be  furnished  by  the 
Department  of  Agriculture,  said  stamps  bearing  serial  numbers, 
and  the  inspector  will  write  on  said  stamps  the  date  of  inspection. 
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The  stamp  must  be  securely  affixed  by  paste  and  tacks  in  such 
a  way  as  to  be  easily  read  when  the  package  is  standing  on  its 
bottom.  Not  less  than  five  tacks  shall  be  driven  through  each 
stamp,  one  at  each  corner  and  one  in  the  middle  of  the  stamp. 

The  stamp  having  been  affixed  it  must  be  immediately  can- 
celled. For  this  purpose  the  inspector  will  use  a  stencil  plate  of 
brass  or  copper,  in  which  will  be  cut  five  parallel  waved  lines 
long  enough  to  extend  beyond  each  side  of  the  stamp  on  the 
wood  of  the  package.  At  the  top  of  said  stencil  will  be  cut  the 
name  of  the  inspector  and  at  the  bottom  of  said  stencil  will  be 
cut  the  district  in  which  inspection  is  made.  The  imprinting 
from  this  plate  must  be  with  blacking  or  other  durable  material, 
over  and  across  the  stamp,  and  in  such  a  manner  as  not  to  deface 
the  reading  matter  on  the  stamp,  that  is,  so  as  not  to  daub  and 
make  it  illegible.  The  stamp  having  been  affixed  and  cancelled,  it 
must  immediately  be  covered  with  a  coating  of  transparent  varnish 
or  other  substance.  Orders  for  stamps  must  be  made  by  the 
inspector  on  the  chief  of  the  Bureau  of  Animal  Industry. 

11.  Whenever  any  package  of  meat  products  bearing  the  stamp 
of  inspection  shall  have  been  opened  and  its  contents  removed  for 
sale  the  stamp  on  said  package  must  be  effaced  and  obliterated 
from  the  package. 

12.  Reports  of  the  work  of  inspection  carried  on  in  every 
establishment  will  be  forwarded  to  the  Department  by  the  in- 
spector in  charge,  on  such  blank  forms  and  in  such  manner  as  will 
be  specified  in  "Instructions  to  inspectors  of  slaughtering  estab- 
lishments." 

Swine. 

13.  The  inspection  of  swine  for  export  or  interstate  trade  will 
be  conducted  in  the  same  manner  as  prescribed  in  the  foregoing 
rules,  with  the  addition,  however,  that  a  microscopic  examination 
for  trichina  will  be  required  for  all  swine  products. 

14.  When  the  slaughtered  hog  is  passed  into  the  cooling-room 
of  said  establishment,  the  veterinary  inspector  in  charge,  or  his 
assistants,  will  take  from  each  hog  two  samples  of  muscle,  one 
from  the  "pillar  of  the  diaphragm"  and  the  other  from  another 
part  of  the  body,  and  said  samples  will  be  put  in  a  self-locking  tin 
box  and  a  numbered  tag  will  be  placed  upon  the  hog  from  which 
said  samples  have  been  taken  and  a  duplicate  number  of  said  tag 
will  be  placed  in  the  box  with  said  samples.  The  boxes  contain- 
ing the  samples  from  the  hogs  in  the  cooling-room,  so  tagged,  will 
be  taken  to  the  microscopist  for  such  establishment,  who  shall 
thereupon  make  a  microscopic  examination  of  each  box  containing 
samples,  and  shall  furnish  a  written  report  to  the  inspector  in 


394  STATE  BOAED   OF  HEALTH.     [Pub.  Doc. 

charge  of  the  cooling-room,  giving  the  result  of  said  microscopic 
examination  together  with  the  numbers  of  the  hogs  from  which 
samples  have  been  examined. 

15.  All  hogs  reported  by  the  microscopist  to  the  inspector  in 
charge  of  the  cooling-room  to  be  affected  with  trichina  will  at  once 
be  removed  from  said  cooling-room  of  said  establishment  under 
the  supervision  of  said  inspector  or  one  of  his  deputies,  and  be 
disposed  of  by  the  owner  in  such  manner  as  may  be  required  by 
the  laws  of  the  State  where  said  factory  is  situated. 

16.  The  inspector  in  charge  of  the  slaughtering  or  other  estab- 
lishment will  issue  a  certificate  of  inspection  for  all  carcasses  of 
animals  or  the  food  products  thereof  which  are  to  be  exported  into 
foreign  countries,  which  certificate  will  cite  the  number  of  the 
factory,  the  name  of  the  owner  or  owners  operating  the  same,  the 
date  of  inspection,  and  the  name  of  the  consignee  and  country  to 
which  said  articles  are  to  be  exported.  Said  certificate  will  also 
contain  the  numbers  of  the  stamps  attached  to  the  articles  to  be 
exported.  One  certificate  only  will  be  issued  for  each  consign- 
ment. The  certificates  will  be  issued  in  serial  numbers  and  in 
triplicate  form.  One  copy  thereof  will  be  delivered  to  the  con- 
signor of  such  shipment,  one  copy  will  be  attached  to  the  invoice 
or  shipping  bill  to  accompany  the  same  and  be  delivered  by  the 
transportation  companies  to  the  chief  oflScer  of  the  vessel  upon 
which  said  consignment  is  to  be  transported,  and  the  third  copy 
will   be  forwarded  to  the  Department  of   Agriculture  for  filing 

therein. 

J.  M.  Rusk,  Secretary. 


An  Act  to  provide  for  the  inspection  of  live  cattle,  hogs,  axd  the  car- 
casses AND  products  THEREOF  WHICH  ARE  THE  SUBJECTS  OF  INTERSTATE  COM- 
MERCE,   AND    FOR   OTHER  PURPOSES. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the 
United  States  of  America  in  Congress  assembled,  That  the  Sec- 
retary of  Agriculture  shall  cause  to  be  made  a  careful  inspection 
of  all  cattle  intended  for  export  to  foreign  countries  from  the 
United  States,  at  such  times  and  places,  and  in  such  manner,  as 
he  may  think  proper,  with  a  view  to  ascertain  whether  such  cattle 
are  free  from  disease ;  and  for  this  purpose  he  may  appoint 
inspectors,  who  shall  be  authorized  to  give  an  official  certificate 
clearly  stating  the  condition  in  which  such  animals  are  found,  and 
no  clearance  shall  be  given  to  any  vessel  having  on  board  cattle 
for  exportation  to  a  foreign  country  unless  the  owner  or  shipper 
of  such  cattle  has  a  certificate  from  the  inspector  herein  authorized 
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to  be  appointed,  stating  that  said  cattle  are  sound  and  free  from 
disease. 

Sect.  2.  That  the  Secretary  of  Agriculture  shall  also  cause  to  be 
made  a  careful  inspection  of  all  live  cattle  the  meat  of  which  is 
intended  for  exportation  to  any  foreign  country,  at  such  times 
and  places,  and  in  such  manner,  as  he  may  think  proper,  with  a 
view  to  ascertain  whether  said  cattle  are  free  from  disease  and 
their  meat  sound  and  wholesome,  and  may  appoint  inspectors,  who 
shall  be  authorized  to  give  an  official  certificate  clearly  stating  the 
condition  in  which  such  cattle  and  meat  are  found,  and  no  clear- 
ance shall  be  given  to  any  vessel  having  on  board  any  fresh  beef 
for  exportation  to  and  sale  in  a  foreign  country  from  any  port  of 
the  United  States  until  the  owner  or  shipper  shall  obtain  from  an 
inspector  appointed  under  the  provisions  of  this  act  such  certifi- 
cate. 

Sect.  3.  The  Secretary  of  Agriculture  shall  cause  to  be  inspected 
prior  to  their  slaughter,  all  cattle,  sheep,  and  hogs  which  are  sub- 
jects of  interstate  commerce  and  which  are  about  to  be  slaughtered 
at  slaughter-houses,  canning,  salting,  packing  or  rendering  estab- 
lishments in  any  State  or  Territory,  the  carcasses  or  products  of 
which  are  to  be  transported  and  sold  for  human  consumption  in 
any  other  State  or  Territory  or  the  District  of  Columbia,  and  in 
addition  to  the  aforesaid  inspection,  there  may  be  made  in  all 
cases  where  the  Secretary  of  Agriculture  may  deem  necessary  or 
expedient,  under  the  rules  and  regulations  to  be  by  him  prescribed, 
a  post-mortem  examination  of  the  carcasses  of  all  cattle,  sheep, 
and  hogs  about  to  be  prepared  for  human  consumption  at  any 
slaughter-house,  canning,  salting,  packing  or  rendering  establish- 
ment in  any  State  or  Territory,  or  the  District  of  Columbia,  which 
are  the  subjects  of  interstate  commerce. 

Sect.  4.  That  said  examination  shall  be  made  in  the  manner 
provided  by  rules  and  regulations  to  be  prescribed  by  the  Secre- 
tary of  Agriculture,  and  after  said  examination  the  carcasses  and 
products  of  all  cattle,  sheep,  and  swine  found  to  be  free  of  disease, 
and  wholesome,  sound,  and  fit  for  human  food,  shall  be  marked, 
stamped,  or  labelled  for  identification  as  may  be  provided  by  said 
rules  and  regulations  of  the  Secretary  of  Agriculture. 

Any  person  who  shall  forge,  counterfeit,  or  knowingly  and 
wrongfully  alter,  deface,  or  destroy  any  of  the  marks,  stamps, 
or  other  devices  provided  for  in  the  regulations  of  the  Secretary 
of  Agriculture,  of  any  such  carcasses  or  their  products,  or  who 
shall  forge,  counterfeit,  or  knowingly  and  wrongfull}'  alter,  deface, 
or  destroy  any  certificate  provided  for  in  said  regulations,  shall 
be  deemed  guilty  of    a   misdemeanor,  and  on  conviction  thereof 
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shall  be  punished  by  a  fine  not  exceeding  one  thousand  dollars, 
or  imprisonment  not  exceeding  one  year,  or  by  both  said  punish- 
ments in  the  discretion  of  the  court. 

Sect.  5.  That  it  shall  be  unlawful  for  any  person  to  transport 
from  one  State  or  Territory  or  the  District  of  Columbia  into  any 
other  State  or  Territory  or  the  District  of  Columbia,  or  for  any 
person  to  deliver  to  another  for  transportation  from  one  State  or 
Territory  or  the  District  of  Columbia  into  another  State  or  Terri- 
tory or  the  District  of  Columbia  the  carcasses  of  any  cattle, 
sheep,  or  swine,  or  the  food  products  thereof,  which  have  been 
examined  in  accordance  with  the  provisions  of  sections  three  and 
four  of  this  act,  and  which  on  said  examination  have  been  declared 
by  the  inspector  making  the  same  to  be  unsound  or  diseased. 
Any  person  violating  the  provisions  of  this  section  shall  be  deemed 
guilty  of  a  misdemeanor  and  punished  for  each  offence  as  provided 
in  section  four  of  this  act. 

Sect.  6.  That  the  inspectors  provided  for  in  sections  one  and 
two  of  this  act  shall  be  authorized  to  give  official  certificates  of 
the  sound  and  wholesome  condition  of  the  cattle,  sheep,  and 
swine,  their  carcasses  and  products  described  in  sections  three 
and  four  of  this  act,  and  one  copy  of  every  certificate  granted 
under  the  provisions  of  this  act  shall  be  filed  in  the  Department  of 
Agriculture,  another  copy  shall  be  delivered  to  the  owner  or  ship- 
per, and  when  the  cattle,  sheep,  and  swine,  or  their  carcasses  and 
products  are  sent  abroad,  a  third  copy  shall  be  delivered  to  the 
chief  officer  of  the  vessel  on  which  the  shipment  shall  be  made. 

Sect.  7.  That  none  of  the  provisions  of  this  act  shall  be  so 
construed  as  to  apply  to  any  cattle,  sheep,  or  swine  slaughtered  by 
any  farmer  upon  his  farm,  which  may  be  transported  from  one 
State  or  Territory  or  the  District  of  Columbia  into  another  State 
or  Territory  or  the  District  of  Columbia :  provided,  however,  that 
if  the  carcasses  of  such  cattle,  sheep,  or  swine  go  to  any  packing 
or  canning  establishment  and  are  intended  for  transportation  to 
any  other  State  or  Territory  or  the  District  of  Columbia,  as  here- 
inbefore provided,  they  shall  there  be  subject  to  the  post-mortem 
examination  provided  for  in  sections  three  and  four  of  this  act. 
{^Approved  March  5,  1891. 

Milk. 

The  whole  number  of  samples  of  food  examined  during 
the  year  was  3,236,  which  was  also  greater  than  that  of  any 
previous  year.  This  includes  a  considerable  number  of 
samples  of  milk  of  known  purity,  which  will  be  referred  to 
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later  on.  The  greatest  amount  of  adulteration  has  been 
found  in  the  more  densely  populated  cities  in  the  eastern 
part  of  the  State.  Among  these  cities  Boston  receives  much 
greater  protection  from  its  local  inspection  than  any  of  the 
other  larger  cities.  Hence  the  work  of  the  Board  in  this 
direction  has  been  devoted  more  to  other  cities  and  large 
towns.  Local  inspectors  have  also  depended  largely  upon 
the  Board  for  the  investigation  of  cases  of  milk  adulteration, 
in  which  there  was  evidence  that  the  actual  offenders  were 
beyond  their  jurisdiction,  since  it  is  by  no  means  true  that 
the  retailer  is  invariably  the  guilty  party. 

The  following  summary  comprises  the  results  of  the 
inspection  of  milk  in  the  cities  of  eastern  Massachusetts  for 
the  year  ending  Sept.  30,  1890.  These  samples  were 
obtained  from  retailers,  selling  from  wagons  or  shops. 


Boston 


Number  of  samples  received, . 
above  standard, 
below  standard. 

Skimmed,         .         .         . 

Lowest  sample  (total  solids). 

Percentage  below  standard,    . 


255 

144 

111 

4 

9.53 

43.53 


Worcester. 

Number  of  samples  received, .........  94 

above  standard,         ........  50 

below  standard, 44 

Skimmed, 1 

Lowest  sample  (total  solids),         .......  11.52 

Percentage  below  standard, 46.81 

Lowell. 

Number  of  samples  received, 136 

above  standard, 85 

below  standard,        ' 51 

Skimmed,         ...........  3 

Lowest, 9.54 

Percentage  below  standard, 37 .  50 

Fall  River. 

Number  of  samples  received, 26 

above  standard, 20 

below  standard, 6 

Lowest, 11.02 

Percentage  below  standard, 23.07 
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Number  of  samples  received, 
above  standard, 
below  standard. 

Skimmed,         .         .       ,. 

Lowest,    .... 

Percentage  below  standard, 


Cambridge 


229 

93 

136 

2 
10.07 
59.39 


Lyn7i. 

Number  of  samples  received, .  73 

above  standard, 29 

below  standard, 44 

Lowest, .        .10.60 

Percentage  below  standard, .         .60.27 

Lawrence. 

Number  of  samples  received, 118 

above  standard, 67 

below  standard, 51 

Skimmed, 4 

Lowest, .         .         .         .        .  11.40 

Percentage  below  standard, 43.22 


New  Bedford. 


Number  of  samples  received, 
above  standard, 
below  standard, 

Lowest,    .... 

Percentage  below  standard. 


14 

9 

5 

11.90 

35.71 


Some7'ville. 


Number  of  samples  received, 
above  standard, 
below  standard. 

Lowest,    .... 

Percentage  below  standard. 


73 
26 

47 
10.41 
64.38 


Salem 


Number  of  samples  received, 
above  standard, 
below  standard. 

Lowest,    .... 

Percentage  below  standard, 


71 

39 

32 

11.15 

45.07 
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-LI  LtLUUCi    UjL    OCIUJJJICO    1CUCJ.VCU, 

above  standard, 

\        '.        \        \        \ 

40 

below  standard, 

29 

Lowest,    .... 

.     11.24 

Percentage  below  standard, 

Haverhill. 

.     42.03 

Number  of  samples  received. 

84 

above  standard. 

43 

below  standard, 

41 

Lowest,    .... 

.     11.06 

Percentage  below  standard, 

.    48.81 

«. 

Brockton. 

Number  of  samples  received. 

•         ■         .         . 

12 

above  standard, 

i        .         •         . 

8 

below  standard, 

4 

Lowest, 

.... 

.     11.67 

Percentage  below  standard,    . 

Taunton. 

.     33.33 

Number  of  samples  received, . 

.59 

above  standard. 

39 

below  standard, 

20 

Lowest, 

.     10.96 

Percentage  below  standard,    . 

Newton. 

.     33.89 

Number  of  samples  received. 

73 

above  standard. 

46 

below  standard. 

27 

Lowest, 

.     11.00 

Percentage  below  standard,    . 

Maiden. 

.     36.98 

Number  of  samples  received. 

21 

above  standard, 

4 

below  standard. 

17 

Lowest,    .        .         .        .         , 

.     10.81 

Percentage  below  standard,    . 

Fitchburg. 

.     80.95 

Number  of  samples  received. 

11 

above  standard. 

3 

below  standard. 
Lowest, 

8 
.     10.76 

Percentage  below  standard,    . 

.    72.72 
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Glouceste?'. 

Number  of  samples  received,         .......  25 

above  standard, 16 

below  standard, 9 

Lowest, 12.08 

Percentage  below  standard, 36.00 


Waltham. 

Number  of  samples  received. 

47 

above  standard. 

23 

below  standard, 

24 

Skimmed, 

1 

Lowest,    .... 

.     10.65 

Percentage  below  standard. 

.     51.06 

Quincy. 

Number  of  samples  received,         .......  70 

above  standai'd, 43 

below  standard, .  27 

Skimmed, 1 

Lowest, 10.10 

Percentage  below  standard,    .        .        .        .     ^   .        .        .        .  38 .  57 

Neivburyport. 

Number  of  samples  received, 26 

above  standard, 23 

below  standard, 3 

Lowest 12.02 

Percentage  below  standard, 11.54 

Marlborough. 

Number  of  samples  received, 53 

above  standard, 35 

below  standard, 18 

Skimmed, 2 

Lowest 10.20 

Percentage  below  standard, 33.96 

Wobur7i. 

Number  of  samples  received,         . 23 

above  standard, 14 

below  standard, 9 

Lowest, 11.81 

Percentage  below  standard, 39.13 
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Summary. 
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Boston, 

255 

144 

111 

43.53 

4 

Worcester,  . 

94 

50 

44 

46.81 

1 

Lowell, 

136 

85 

51 

37.50 

3 

FaU  River, . 

26 

20 

6 

23.07 

- 

Cambridge, 
Lynn,  . 
Lawrence,  . 

229 

.      73 

118 

93 

29 
67 

136 

44 
51 

59.39 
60.27 
43.22 

2 
4 

New  Bedford, 

14 

9 

5 

35.71 

- 

Somerville, 

73 

26 

47 

64.38 

_ 

Salem, 

71 

39 

32 

46.07 

- 

Chelsea, 

69 

40 

29 

42.03 

- 

Haverhill,   . 

84 

43 

41 

48.81 

~ 

Brockton,    . 

12 

8 

4 

33.33 

Tamiton,     . 

59 

39 

20 

33.89 

- 

Newton, 

73 

46 

27 

36.98 

- 

Maiden, 

21 

4 

17 

80.95 

- 

Fitchburg,  . 

11 

3 

8 

72.72 

- 

Gloucester, 

25 

16 

9 

36.00 

- 

Waltham,    . 

47 

23 

24 

51.06 

1 

Quincy, 

Newburyport, 

Marlborough, 

70 
26 
53 

43 
23 

35 

27 

3 

18 

38.57 
11.54 
33.96 

1 
2 

AVobvu-n, 

23 

14 

9 

39.13 

- 

1,662 

899 

763 

45.90 

18 

Milk  of  Known  Purity. 
During  the  few  years  in  which  the  Board  has  been  in- 
trusted with  the  duty  of  carrying  out  the  provisions  of  the 
statutes,  it  has  devoted  a  share  of  its  attention  to  the  work 
of  "investigations  and  inquiries"  with  reference  to  the  sub- 
ject of  natural  milk  as  obtained  direct  from  the  cow,  or  milk 
of  "known  purity."  The  milk  of  at  least  eight  hundred 
animals  has  thus  been  subjected  to  analysis.  These  observa- 
tions were  made  under  all  the  varying  conditions  of  different 
breeds,  ages,  seasons  of  the  year,  time  of  da}^  and  feeding. 
The  averages  of  all  these  samples  of  milk  differed  but  little 
from  thirteen  and  one-fourth  per  cent,  of  total  solids.  Thus 
the  majority  of  the  samples  yielded  an  average  which  was 
above  the  legal  standard,  while  a  very  considerable  percent- 
age ranged  from  twelve  to  thirteen  per  cent,  of  solids.  It 
is  rare  to  find  a  herd  of  ten  or  more  cows,  well  fed  and  of 


402  STATE  BOAED   OF  HEALTH.     [Pub.  Doc. 

different  breeds,  in  which  the  average  milk  of  the  herd  falls 
below  twelve  and  one-half  per  cent,  of  solids,  and  still  more 
rare  to  find  a  herd  the  average  milk  of  which  has  less  than 
twelve  per  cent. 

The  principal  disturbing  element  has  been  the  Holstein 
cow.  Just  what  processes  have  been  adopted  in  past  genera- 
tions among  the  Channel  Islands  to  produce  a  breed  of 
animals  which  yield  a  rich  and  nutritious  milk,  and  in  a 
neighboring  country  to  produce  a  breed  which  furnish  an 
impoverished  product,  it  may  not  be  possible  to  affirm.  It 
is  true,  however,  that  the  Holstein  cow  does  not  yield  an 
average  milk  wdiich  contains  thirteen  per  cent,  of  total 
solids.  If  the  necessary  result  of  the  execution  of  the  milk 
laws  in  Massachusetts  is  a  diminution  of  the  number  of 
Holstein  cows,  the  consumer  certainly  profits  thereby,  if  not 
the  producer. 

The  milk  of  forty-seven  Holstein  cows  examined  in  1885 
was  found  to  contain  an  average  of  12.51  per  cent,  of  total 
solids.  The  milk  of  eleven  Jersey  cows  examined  in  the 
same  year  was  found  to  contain  an  average  of  14.02  per  cent, 
of  solids. 

During  the  past  year  investigations  were  made  to  ascer- 
tain what  variations  the  milk  of  a  o'ood  average  herd  of 
dairy  cattle  would  present  throughout  the  different  seasons 
of  the  year.  A  herd  of  sixteen  cows  in  Weston,  Middlesex 
County,  was  selected,  and  milk  obtained  from  each  animal 
in  this  herd  once  a  month  throughout  the  year  1890,  with 
the  following  result. 

As  is  commonly  the  custom  in  dairy  farms,  where  constant 
changes  are  occurring,  consisting  in  the  buying  of  new  ani- 
mals to  supply  the  place  of  others  which  have  been  sold  for 
various  purposes,  several  changes  were  made  in  this  herd, 
which  are  indicated. 

Each  of  the  first  sixteen  cows  in  this  list  received  fourteen 
quarts  of  brewers'  grains  daily,  and  in  addition  Nos.  1,2,3, 
4,  5,  8,  14  and  16  each  received  one  quart  of  corn  meal  and 
one  quart  of  oil  meal  daily;  Nos.  6,  7,  9,  10  and  15  each 
received  two  quarts  of  corn  meal  and  one  quart  of  oil  meal ; 
Nos.  11  and  12  had  three  quarts  corn  meal  and  one  quart  oil 
meal ;  No.  13  had  four  quarts  corn  meal  and  one  quart  oil 
meal.     One-half  of  this  feed  was  given  at  morning  and  one- 
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half  at  night.  They  were  also  given  coarse  English  hay  in 
the  morning,  watered,  and  then  fed  with  oat  and  barley 
fodder.  At  four  o'clock  p.m.  they  were  fed  with  rowen, 
watered,  grained  and  then  fed  with  meadow  hay.  The  daily 
ration  of  hay  to  each  cow  was  about  fourteen  pounds. 

iVo.  1.     Grade  Ayrshire;  five  years  old;  calved  m  October,  1889 ; 
yields  seven  quarts  per  day. 


Date  of  Taking  Saiiplk. 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

Jau.    29,1890,5.15  p.m.,       . 

4.09 

11.30 

15.39 

84.61 

Feb.    26,  1890,5.15  p.m., 

4.10 

11.22 

15.32 

84.68 

Mar.  26,  1890,6.15  p.m., 

4.11 

11.03 

15.14 

84.86 

Mar.  27,  1890,6.30  am., 

4.47 

11.30 

15.77 

84.23 

April  30,  1890,  6.00  p.m., 

4.91 

11.95 

16.86 

83.14 

Nov.  26,  1890,  6.00  p.m., 

3.57 

9.94 

13.51 

86.49 

Dec.    31,1890,6.00  p.m., 

3.03 

9.99 

13.02 

86.98 

Jan.      1,1891,6.00  a.m., 

3.70 

10.28 

13.98 

86.02 

"    Average, 

4.00 

10.87 

14.87 

85.13 

No.  2.     Grade  Guernsey ;  four  years  old;  calved  in  September,  1889 ; 
yields  seven  quarts  per  day. 


Jan.    29,  1890,  5.15  p.m., 

4.32 

10.54 

14.86 

85.14 

Feb.    26,1890,5.15  pm., 

4.77 

10.48 

15.25 

84.75 

Mar.  26,  1890,  6.15  P.M., 

5.07 

10.49 

15.56 

84.44 

Mar.  27,  1890,6.30  a.m., 

4.76 

10.60 

15.36 

84.64 

April  30,  1890,  6.00  P.M, 

4.56 

10.18 

14.74 

85.26 

Oct,     29,1890,6.00  p.m., 

3.74 

10.08 

13.82 

86.18 

Nov.  26,  1890,  6.00  p.m.. 

2.91 

10.22 

13.13 

86.87 

Dec.    31,  1890,  6.00  p.m., 

4.91 

10.15 

15.06 

84.94 

Jan.      1,  1891,  6.00  A.M, 

4.54 

9.86 

14.40 

85.60 

Average, 

4.40 

10.29 

14.69 

85.31 

No.  3.     Grade  Holstein ;  six  years  old;  calved  in  Sep)tember,  1889  ; 
yields  six  quarts  per  day. 


Jan.    29,  1890,  5. 15  P.M., 

4.46 

11.29 

15.75 

84.25 

Feb.    26,  1890,5.15  p.m.. 

4.31 

11.12 

15.43 

84.57 

Mar.   26,  1890,6.15  pm,, 

4.62 

10.55 

15.17 

84.83 

Mar.  27,  1890,6.30  a.m., 

4.64 

10.79 

15.43 

84.57 

April  30,  1890,6.00  p.m., 

4.29 

10.54 

14.83 

85.17 

Oct.    29,1890,6.00  p.m., 

4.28 

10.23 

14.51 

85.49 

Nov.  26,  1890,6.00  p.m., 

3.74 

9.91 

13.65 

86.35 

Dec.    31,  1890,  6.00  P.M, 

4.64 

10.22 

14.86 

85.14 

Jan.      1,1891,6.00  a.m., 

4.95 

10.17 

15.12 

84.88 

Average, 

• 

4.44 

10.53 

14.97 

85.03 
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No.  4.     Grade  Eolstein;  five  years  old',    calved  in  September,  18 S 9; 
yields  six  quarts  per  day. 


Date  of  Taking  Sample. 

Fat. 

Solids  not 

Fat. 

Total 
Solids. 

Water. 

Jan.    29,1890,5.15  p.m., 

3.95 

10.34 

14.29 

85.71 

Feb.    26,1890,5.15  p.m., 

3.96 

10.50 

14.46 

85.54 

Mar.   26,1890,6.15  p.m., 

3.71 

10.08 

13.79 

86.21 

Mar.  27,  1890,  6.30  a.m., 

3.86 

9.87 

13.73 

86.27 

April  30, 1890,  6.00  p.m., 

4.14 

9.72 

13.86 

86.14 

May   28,  1890,6.00  p.m., 

3.55 

9.70 

13.25 

86.75 

June  25,  1890,  6.00  p.m  , 

2.51 

9.90 

12.41 

87.59 

June  26,  1890,  6.00  a.m., 

4.17 

9.48 

13.65 

86.35 

July   30,  1890,  6.00  p.m., 

4.42 

8.92 

13.34 

86.66 

Aug.  27,  1890,  6.00  pm., 

3.47 

9.12 

12.59 

87.41 

Sept,  24,  1890,6.00  p.m., 

3.21 

10.47 

13.68 

86.32 

Sept.  25,  1890,6.00  a.m., 

4.61 

9.93 

14.54 

85.46 

Oct.    29,1890,6.00  p.m., 

3.78 

10.16 

13.94 

86.06 

Average, 

3.80 

9.86' 

13.66 

86.34 

No.  5.     Grade  Ayrshire;  nine  years  old;  calved  in  February,  1889; 
yields  nine  quarts  per  day. 


Jan.    29,  1890,5.15  PM,       . 

3.84 

11.21 

15.05 

84.95 

Feb.    26,  1890,5.15  p.m., 

4.44 

10.68 

15.12 

84.88 

Mar.  26,  1890,6.15pm, 

3.86 

10.75 

14.61 

85.39 

Mar.   27,  1890,6.30  am., 

fat 

lost 

14.30 

85.70 

April  30,  1890,6.00  pm., 

4.40 

9.88 

14.28 

85.72 

Aug.  27,  1890,  6.00  P.M, 

3.74 

9.30 

13.04 

86.96- 

Sept.  24,  1890,  6.00  P.M, 

3.62 

9.67 

13.29 

86.71 

Sept.  25,  1890,  6.00  A.M., 

3.15 

10.05 

13.20 

86.80 

Oct.    29,  1890,  6.00  P.M, 

3.35 

10.01 

13.36 

86.64 

Nov.  26,  1890,  6.00  p.m., 

3.52 

10.27 

13.79 

86.21 

Dec.    31,1890,6.00  p.m., 

4.12 

10.43 

14.55 

85.45 

Jan.      1,1891,6.00  a.m., 

4.51 

10.41 

14.92 

85.08 

Average, 

3.87 

10.24 

14.12 

85.88 

No.  6.    Grade  Ayrshire ;  twelve  years  old ;  calved  in  May,  1889 ;  yields 
nine  quarts  per  day. 


Jan.    29,1890,5.15  P.M., 

3.95 

10.46 

14.41 

85.59 

Feb.    26,1890,5.15  p.m., 

4.13 

10.33 

14.46 

85.54 

Mar.  26,  1890,6.15  p.m.. 

3.77 

10.10 

13.87 

86.13 

Mar.   27,  1890,  6.30  A.M., 

3.48 

10.20 

13.68 

86.32 

April  30,  1890,  6.00  p.m., 

3.77 

9.99 

13.76 

86.24 

May    28,1890,6.00  pm., 

3.42 

9.98 

13.40 

86.60 

June  25,  1890,6.00  p.m., 

2.72 

9.47 

12.19 

87.81 

June  26,  1890,6.00  a.m., 

4.57 

9.. 35 

13.92 

86.08 

July   30,  1890,6.00  pm., 

3.62 

9.37 

12.99 

87.01 

Aug.  27,  1890,  6.00  p.m., 

3.51 

9.84 

13.35 

86.65 

Sept.  24,  1890,6.00  p.m., 

2.67 

10.71 

13.38 

86.62 

Sept.  25,  1890,  6.00  a.m., 

3.86 

10.43 

14.29 

85.71 

Oct.    29,1890,6.00  p.m., 

3.80 

10.60 

14.40 

85.60 

Nov.  26,  1890,6.00  p.m., 

2.97 

10.05 

13.02 

86.98 

Average,       .        .        . 

3.59 

10.06 

13.65 

86.35 
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No.  7.     Holstein ;  five  years  old;  calved  in  December,  1889 ;  yields  four- 
teen quarts  -per  day. 


Solids  not 

Total 

Date  of  Taking  Sample. 

Fat. 

Fat. 

Solids. 

Water. 

Jan.    29, 

1890,  5.15  p.m., 

3.83 

8.06 

11.89 

88.11 

Feb.    26, 

1890,  5.15  p.m. 

2.40 

9.56 

11.96 

88.04 

Mar.   26, 

1890,6.15  p.m. 

2.62 

9.22 

11.84 

88.16 

Mar.   27, 

1890,  6.30  A.M. 

2.33 

9.17 

11.50 

88.50 

April  30, 

1890,  6.00  p.m. 

3.03 

9.23 

12.26 

87.74 

May   28, 

1890,6.00  p.M 

3.07 

9.45 

12.52 

87.48 

June  25, 

1890,6.00  p.m. 

2.95 

9:24 

12.19 

87.81 

June  26, 

1890,  6. 00  A.M. 

2.94 

9.21 

12.15 

87.85 

July  30, 

1890,6.00  p.m. 

2.44 

9.23 

11.67 

88.33 

Aug.  27, 

1890,  6.00  p.m. 

2.86 

9.57 

12.43 

87.57 

Sept.  24, 

1890,6.00  p.m. 

3.54 

9.33 

12.87 

87.13 

Sept.  25, 

1890,  6.00  a.m. 

3.41 

9.65 

13.06 

86.94 

Oct,    29, 

1890,6.00  pm. 

3.15 

10.05 

13.20 

86.80 

Nov.  26, 

1890,6.00  pm 

2.59 

10.04 

12.63 

87.37 

Dec.    31, 

1890,6.00  p.m. 

2.73 

10.03 

12.76 

87.24 

Jan.      1, 

1891,6.00  a.m. 

3.12 

9.70 

12.82 

87.18 

Average, 

2.94 

9.42 

12.36 

87.64 

No.  8.     Orade  Ayrshire;  nine  years  old;  calved  in  September,  1889 ; 
yields  seven  quarts  per  day. 


Jan.    29,  1890,5.15  p.m.. 

3.16 

9.84 

13.00 

87.00 

Feb.    26,  1890,  5.15  p.m., 

3.41 

9.97 

13.38 

86.62 

Mar.  26,  1890,6.15  p  M., 

3.62 

9.90 

13.42 

86.58 

Mar.  28,  1890,  6.30  a.m.. 

3.43 

9.80 

13.23 

86.77 

April  30,  1890,  6.00  P.M., 

4.14 

9.71 

13.85 

86.15 

Aug.  27,  1890,  6.00  p.m., 

3.08 

9.27 

12.. 35 

87.65 

Sept.  24,  1890,6.00  p.m., 

3.58 

9.44 

13.02 

86.98 

Sept.  2.5,  1890,  6.00  A.M.. 

2.97 

9.76 

12.73 

87.27 

Oct.    29,  1890,  6.00  P.M, 

3.54 

9.77 

13.31 

86.69 

Nov.  26,  1890,6.00  p.m., 

2.84 

9.87 

13.71 

86.29 

Dec.    31,  1890,  6.00  p.m., 

3.15 

9.95 

13.10 

86.90 

Jan.      1,  1891,  6.00  A.M., 

3.66 

9.82 

13.48 

86.52 

Average, 

3.45 

9.76 

13.21 

86.79 

No.  9.     Grade  Holstein ;  four  years  old;  calved  in  December,  1889  ; 
yields  seven  quarts  per  day. 


Jan.    29,  1890,5.15  p.m  , 

3.79 

10.12 

13.91 

86.09 

Feb.    26,  1890,5.15  pm. 

3.52 

10.42 

13.94 

86.06 

Mar.   26,  1890,  6.15  p.m., 

3.36 

10.37 

13.73 

86.27 

Mar.  27,  1890,  6.30  a.m., 

4.43 

10.13 

14.56 

85.44 

April  30,  1890,6.00  p.m, 

3.82 

10.45 

14.27 

85.73 

May   28,  1890,  6.00  p.m., 

3.94 

10.48 

14.42 

85.58 

June  25,  1890,  6.00  p.m., 

3.84 

10.00 

13.84 

86.16 

June  26,  1890,  6.00  a.m., 

4.59 

10.19 

14.78 

85.22 

July   30,  1890,6.00  p.m., 

2.69 

10.26 

12.95 

87.05 

Aug.  27,  1890,  6.00  pm., 

4.05 

9.98 

14.03 

85.97 

Sept.  24,  1890,6.00  p.m., 

4.03 

10.76 

14.79 

85.21 

Sept.  25,  1890,6.00  a.m., 

6.27 

10.79 

17.06 

82.94 

Average, 

• 

4.03 

10.33 

14.36 

85.64 
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No.  10.     Grade  Ayrshire;    eight  years  old;    calved  in  October,  1889; 
yields  eleven  quarts  -per  day. 


Date  of  Taking  Sajiplk. 

Fat. 

Solids  not 
Fat. 

Total 

Solids. 

Water. 

Jan.    29,1890,5.15  p.m., 
Feb.    26,1890,5.15  p.m., 
Mar    26,1890,6.15  p.m., 
Mar.   27,  1890,6.30  a.m., 
April  30,  1890,6.00  p.m.. 
May    28,  1890,6.00  p.m., 
June  25,  1890,6.00  p.m., 
June  26,  1890,6.00  a.m., 
July   30,  1890,6.00  p.m., 
Aug.  27,  1890,  6.00  p.m., 
Sept.  24,  1890,6.00  p.m., 
Sept.  25,  1890,6.00  a.m., 
Oct,     29,1890,6.00  p.m., 
Nov.   26,  1890,6.00  p.m., 
Dec.    31,  1890,6.00  p.m., 
Jan.      1,1891,6.00  p.m., 

4.02 
2.69 
3.38 
3.37 
3.88 
3.61 
4.13 
4.64 
2.99 
3.42 
4.36 
5.34 
3.89 
5.12 
4.51 
4.56 

10.45 
11.54 

10.17 

10.02 

10.28 

9.75 

9.60 

9.91 

9.60 

9.76 

10.39 

9.97 

10.90 

11.46 

11.08 

11.12 

14.47 
14.23 
13.55 
13.39 
14.16 
13.36 
13.73 
14.55 
12.59 
13.18 
14.75 
15.31 
14.79 
16.58 
15.59 
15.68 

85.53 
85.77 
86.45 
86.61 
85.84 
86.64 
86.27 
85.45 
87.41 
86.82 
85.25 
84.69 
85.21 
83.42 
84.41 
84.32 

Average, 

3.99 

10.. 38 

14.37 

85.63 

No.  11.     Grade  Eolstein  ;  nine  years  old;  calved  in  September,  1889 ; 
yields  fourteen  quarts  per  day. 


Jan.    29,  1890,  5.15  P.M„ 

5.06 

10.16 

15.22 

84.78 

Feb.    26,  1890,  5.15  P.M, 

5.11 

10.11 

15.22 

84.78 

Mar.   26,  1890,6.15  p.m  , 

3.79 

10.06 

13.85 

86.15 

Mar.   27,  1890,  6.30  a.m  , 

2.95 

10.19 

13.14 

86.46 

April30,  1890,  6.00  p.m., 

4.70 

10.03 

14.73 

85.27 

May    28,  1890,  6.00  P.M, 

3.85 

10.05 

13.90 

86.10 

June  25,  1890,  6.00  p.m., 

- 

- 

- 

- 

June  26,  1890, 6.00  a.m  , 

4.68 

9.54 

14.22 

85.78 

July   30,  1890,  6.00  pm., 

4.34 

10.22 

14.56 

85.44 

Aug.  27,  1890,  6.00  p.m., 

4.00 

9.85 

13.85 

86.15 

Sept.  24,  1890,6.00  p.m., 

5.33 

10.29 

15.62 

84.38 

Sept.  25,  1890, 

- 

- 

- 

- 

Oct.    29,  1890,  6.00  P.M, 

4.98 

10.99 

15.97 

84.03 

Nov.  26,  1890,  6.00  P.M, 

3.40 

9.38 

12.78 

87.22 

Dec.    31,1890,6.00  p.m., 

5.31 

11.40 

16.71 

83.29 

Jan.      1,1891,6.00  a.m., 

5.45 

10.84 

16.29 

83.71 

Average,    '    . 

4.50 

10.22 

14.72 

85.28 

No.  12.     Grade  Ayrshire;  eight  years  old;  calved  in  November,  1889 ; 
yields  fourteen  quarts  per  day. 


Jan.    29,1890,5.15  p.m., 

3.41 

10.00 

13.41 

86.59 

Feb.    26,1890,5.15  pm., 

3.87 

9.91 

13.28 

86.72 

Mar.   26,  1890,6.15  p.m., 

3.30 

9.94 

13.24 

86.76 

Mar.   27,  1890,  6.30  a.m.. 

4.16 

10.04 

14.20 

85.80 

April  30,  1890,  6.00  pm.. 

4.21 

9.82 

14.03 

85.97 

May    28,  1890,  6.00  p.m.. 

3.72 

10.08 

13.80 

86.20 

June  25,  1890,  6.00  p.m., 

2.98 

10.01 

12.99 

87.01 
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No.  12.     Grade  Ayrshire;  eight  years  old;  calved  in  November,  1889 ; 
yields  fourteen  quarts  2:ier  day  —  Concluded. 


Date  of  Taking  Sample.        , 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

June  26,  1890,6.00  a.m., 
July   30,  1890,6.00  p.m., 
Aug.  27,  1890,6.00pm,      ■. 
Sept.  24,  1890,6.00  p.m., 
Sept.  26,  1890,  6.00  A. M,       . 

4.78 
3.53 
3.96 
4.03 

3.08 

9.37 

9.69 

9.53 

10.90 

9.05 

14.15 
13.22 
13.49 
14.93 
12.13 

85.85 
86.78 
86.51 
85.07 
87.87  . 

Average,       .... 

3.71 

9.86 

13.57 

86.43 

No.  13.     Grade  Durham  and  Ayrshire;  seven  years  old;  calved  in 
October,  1889 ;  yields  twenty  quarts  per  day. 


Jan. 

29,  1890, 

5.15  p.M  , 

2.80 

9.61 

12.41 

87.59 

Feb. 

26,  1890, 

5.15  PM. 

2.93 

9.74 

12.67 

87.33 

i\Iar. 

26,  1890, 

6.15  P.M , 

2.86 

9.48 

12.34 

87.66 

Mar. 

27,  1890, 

6.30  A.M. 

3.29 

9.30 

12.59 

87.41 

April 

30,  1890, 

6.00  pm, 

3.31 

9.46 

12.77 

87.23 

May 

28,  1890, 

6.00  p.m. 

2.04 

9.60 

11.64 

88.36 

June 

25,  1890, 

6.00  pm. 

2.69 

9.16 

11.85 

88.15 

June 

26,  1890, 

6.00  A.M 

3.06 

9.07 

12.13 

87.87 

July 

30,  1890, 

6.00  P.M 

2.66 

9.18 

11.84 

88.16 

Aug. 

27,  1890, 

6.00  P.M 

3.36 

8.58 

11.94 

•88.06 

Sept. 

24,  1890, 

6.00  PM 

3.19 

9.27 

12.46 

87.54 

Sept. 

25,  1890, 

6.00  A.M. 

3.52 

8.99 

12.51 

87.49 

Oct. 

29,  1890, 

6.00  p.m. 

3.03 

9.59 

12.62 

87.38 

Nov. 

26, 1890, 

6.00  PM. 

4.80 

10.27 

15.07 

84.93 

"Dec. 

31,  1890, 

6.00  PM 

3.71 

9.90 

13.61 

86.39 

Jan. 

1,1891, 
Average 

6.00  A.M. 

3.88 
3.20 

9.90 

13.78 

86.22 

X 

• 

9.44 

12.64 

87.36 

No.  14.     Grade  Jersey  ;  eleve7i  years  old  ;  calved  in  March,  1889 ;  yields 
six  quarts  per  day. 


Jan.    29,  1890,5.15  p.m.. 

3.49 

9.76 

13.25 

86.75 

Feb.    26,1890,5.15  p.m., 

4.57 

9.81 

14.38 

85.62 

Mar.  26,  1890,  6.15  p.m. 

4.20 

9.83 

14.03 

85.97 

jNIar.   27,  1890,  6.30  A.M 

4.54 

9.69 

14.23 

85.77 

April  30,  1890,  6.00  p  m. 

5.05 

9.48 

14.53 

85.47 

May   28,  1890,6.00  p.m. 

4.44 

9.91 

14.35 

85.65 

June -25,  1890,6.00  p.m. 

4.04 

9.53 

13.57 

86.43 

June  26,  1890,  6.00  a.m 

4.69 

9.56 

14.25 

85.75 

July    30,  1890,6.00  p  M. 

4.31 

10.22 

14.53 

85.47 

Aug.  27,  1890,6.00  p.m. 

5.86 

10.31 

16.17 

83.83 

Sept.  24,  1890,6.00  p.m. 

4.82 

10.19 

15.01 

84.99 

Sept.  25,  1890,  6.00  a.m 

5.54 

10.19 

15.73 

84.27 

Oct.    29,1890,6.00  pm. 

6.48 

9.21 

15.69 

84.31 

Nov.  26,  1890,6.00  pm. 

3.34 

9.24 

12.58 

87.42 

Dec.    31,1890,6.00  p.m. 

4.80 

10.30 

15.10 

84.90 

Jan.       1,1891,6.00  a.m. 

4.68 

10.15 

14.83 

85.17 

Average, 

4.68 

9.83 

14.51 

85.49 
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No.  15.     Grade  Holsiein  ;   seven  years  old;   calved  in  September,  1889 ; 
yields  ten  quarts  per  day. 


Date  of  Taking  Sample. 

Fat. 

Solids  not 
Fat. 

Total 

Solids. 

"Water. 

Jan.    29,1890,5.15  p.m., 

3.50 

9.70 

13.20 

86.80 

Feb.    26,1890,5.15  p.m., 

3.96  . 

9.79 

13.75 

86.25 

Mar.   26,  1890,6.15  p.m., 

3.71 

9.44 

13.15 

86.85 

Mar.   27,  1890,6.30  a.m., 

3.28 

9.61 

12.89 

87.11 

April  30,  1890,6.00  p.m., 

3.62 

9.23 

12.85 

87.15 

May    28,1890,6.00  p.m., 

3.78 

9.31 

13.09 

86.91 

June  25,  1890,  6.00  p.m.. 

3.36 

9.45 

12.81 

87.19 

June  26,  1890,  6.00  a.m., 

4.02 

9.47 

13.49 

86.51 

July    30,  1890,6.00  p.m., 

3.51 

9.77 

13.28 

86.72 

Nov.  26,  1890,  6.00  P.M, 

3.10 

9.74 

12.84 

87.16 

Dec.    31,  1890,  6.00  pm, 

3.15 

9.67 

12.82 

87.18 

Jan.      1,  1891,  6.00  A.M., 

3.59 

9.87 

13.46 

86.54 

Average, 

3.54 

9.59 

13.13 

86.87 

No.  16.     Grade;  nine  years  old;  calved  in  January,  1889 ;  yields 
seven  quarts  per  day. 


Jan.    29,1890,5.15  P.M., 

2.10 

10.51 

12.61* 

87.39 

Feb.    26,1890,5.15  pm., 

3.18 

10.22 

13.40 

86.60 

Mar.   26,  1890,6.15  p.m., 

2.90 

10.62 

13.52 

86.48 

Mar.   27-,  1890,  6.30  a.m  , 

3.36 

10.18 

13.54 

86.46 

Oct.     29,  1890,  6.00  pm, 

4.25 

9.61 

13.86 

86.14 

Nov.   26,  1890,  6. 00  P.M, 

1.64 

11.73 

13.37 

86.63 

Dec.    31,  1890,  6.00  p.m., 

3.05 

10.02 

13.07 

86.93 

Jan.      1,1891,6.00  a.m., 

3.75 

9.72 

13.47 

86.53 

Average, 

3.03 

10.32 

13.35 

86.65 

No 

.17. 

April  30,  1890,  6.00  p.m  , 

3.05 

9.44 

12.49 

87.51 

May   28,  1890,  6.00  pm, 

2.11 

9.30 

11.41 

88.59 

June  25,  1890,  6.00  p.m., 

1.98 

9.63 

11.61 

88.39 

June  26,  1890,  6.00  am, 

3.54 

9.35 

12.89 

87.11 

July  30,  1890,  6.00  P.M, 

2.18 

9.13 

11.31 

8.8.69 

Aug.  27,  1890,  6.00  p.m., 

2.54 

9.21 

11.75 

88.25 

Sept    24,  1890,  6.00  pm, 

3.28 

9.07 

12.35 

87.65 

Sept.  25,  1890,  6.00  am, 

3.48 

•     8.99 

12.47 

87.-53 

Oct.    29,1890,6.00  PM., 

3.07 

9.77 

12.84 

87.16 

Nov.  26,  1890,  6.00  P.M, 

3.25 

10.96 

14.21 

85.79 

Dec.    31,  1890,  6.00  P.M., 

3.30 

10.33 

13.63 

86.37 

Jan.      1,  1891,  6.00  A.M., 

3.42 

10.23 

13.65 

86.35 

Average, 

2.93 

9.62 

12.55 

87.45 
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No.  18.    Dutch;  four  or  five  years  old;  calved  in  April,  1890 ;  yields 
fourteen  quarts  per  day. 


Date  of  Taking  Sample.                           Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

May.  28,  1890,  6.00  p.m., 

2.92 

9.42 

12.34 

87.66 

June  25,  1890,  6.00  p.m.. 

3.16 

9.29 

12.45 

87.55 

June  26,  1890,  6.00  a.m. 

3.64 

9.17 

12.81 

87.19 

July   30,  1890,6.00  p.m., 

2.87 

9.17 

12.04 

87.96 

Aug.  27,  1890,  6.00  p.m  , 

3.53 

9.24 

12.77 

87.23 

Sept.  24,  1890,  6.00  p.m., 

3.49 

9.30 

12.79 

87.21 

Sept.  25,  1890,  6.00  a.m., 

3.68 

9.80 

13.48 

86.52 

Oct.     29,1890,6.00  p.m., 

4.59 

9.97 

14.56 

85.44 

Nov.   26,  1890,6.00pm, 

2.47 

9.35 

11.82 

88.18 

Dec     31,  181)0,  6.00  P.M., 

3.99 

10.54 

14.53 

85.47 

Jan.      1,  1891,6.00  A.M., 

3.87 

10.60 

14.47 

85.53 

Average, 

3.47 

9.62 

13.09 

86.91 

No  19.    Native,  partly  Ayrshire;  seven  years  old;  calved  in  Ap>ril, 
1890 ;  yields  fifteen  quarts  per  clay. 


May    28,  1890,  6.00  P.M, 

.  3.38 

9.47 

12.85 

87.15 

June  25,  1890,  6.00  p.m.. 

2.49 

8.85 

11.34 

88.66 

June  26,  1890,  6.00  am.. 

2.36 

9.33 

11.69 

88.31 

July   30,  1890,  6.00  P.M, 

4.06 

8.49 

12.55 

87.45 

Aug.  27,  1890,  6.00  P.M, 

3.11 

8.63 

11.74 

88.26 

Sept,  24,  1890,  6.00  P.M, 

2.67 

9.12 

11.79 

88.21 

Sept.  25,  1890,6.00  a.m., 

5.28 

10.71 

15.99 

84.01 

Oct.    29,1890,6.00  p.m., 

2.84 

9.49 

12.33 

87.67 

Nov.  26,  1890,6.00  p.m., 

5.22 

11.40 

16.62 

83.38 

Dec.    31,1890,6.00  p.m., 

2.07 

9.56 

11.63 

88.37 

Jan.      1,1891,6.00  a.m., 

2.33 

9.62 

11.95 

88.05 

Average, 

3.26 

9.51 

12.77 

87.23 

No.  20.    Butch ;  three  years  old ;  calved  in  April,  1890 ;  yields  eleven 

quarts  per  day. 


May    28,  1890,6.00  pm., 

2.51 

9.54 

12.05 

87.95 

June  25,  1890,6.00  p.m.. 

2.55 

9.29 

11.84 

88.16 

June  26,  1890,6.00  am., 

3.95 

9.11 

13.06 

86.94 

July   30,  1890,6.00  pm., 

2.96 

8.94 

11.90 

88.10 

Aug.   27,  1890,6.00  p.m., 

3.32 

8.97 

12.29 

87.71 

Sept.  24,  1890,6.00  p.m., 

3.24 

8.93 

12.17 

87.83 

Sept.  25,  1890,  6.00  a.m., 

3.42 

9.21 

12.63 

87.37 

Oct.    29,1890,6.00  p.m., 

3.62 

9.57 

13.19 

86.81 

Dec.    31,  1890,6.00  p.m., 

3.06 

9.60 

12.66 

87.34 

Jan.      1,1891,6.00  a.m., 

2.94 

9.93 

12.87 

87.13 

Average, 

3.16 

9.31 

12.47 

87.53 
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No.  21.    Native;  five  years  old;   calved  in  April,  1S90 ;  yields  eight 

quarts  %)er  day. 


Date  of  Taking  Sample. 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

May   28,  1890,  6.00  p.m, 

3.94 

9.69 

13.63 

86.37 

June  25,  1890,  6.00  p.m., 

3.87 

9.73 

13.60 

-  86.40 

June  26,  1890,  6.00  a.m., 

3.88 

9.57 

13.45 

86.55 

July  30,  1890,  6.00  p.m., 

3.09 

9.07 

12.16 

87.84 

Aug.  27,  1890,  6.00  p.m., 

3.59 

9.07 

12.66 

87.34 

Sept.  21,  1890,  6.00  p.m., 

3.88 

9.12 

13.00 

87.00 

Sept,  25,  1890,6.00  a.m.,       . 

4.03 

9.76 

13.79 

86.21 

Average,       .... 

3.75 

•9.43 

13.18 

86.82 

No.  22.    Native;  twelve  years  old;  calved  in  April ;  yields  eight  quarts 

per  day. 


May    28,  1890,  6.00  p.m  , 
June  25,  1890,  6.00  p.m., 
June  26,  1890,  6.00  a.m.,       . 
July   30,  1890,  6.00  p.m., 

2.73 
2.55 
3.26 

2.42 

9.44 
9.42 
9.15 
9.72 

12.17 
11.97 
12.41 
12.14 

87.83 
88.03 
87.59 
87.86 

Average,       .... 

2.74 

9.43 

12.17 

87.83 

The  following  analyses  were  also  made  of  the  milk  of 
another  herd  of  cows,  also  in  the  town  of  Weston,  the 
analyses  being  made  once  in  each  quarter  of  the  year,  —  in 
May,  August.  November  and  February. 

No.  1.    Mixed;  eight  years  old. 


Date  of  Taking  Sample. 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

May   28,  1890,6.00  p.m.,       . 
Aug.  27,  1890,6.00  p.m., 
Nov.  26,  1890,6.00  pm., 

3.25 
3.99 
3.91 

9.58 

9.34 
9.93 

12.83 
13.33 
13.84 

87.17 

86.67 
86.16 

Average,       .... 

3.71 

9.62 

13.33 

86.67 

No.  2. 

Mixed 

•  eight  years  old. 

May   28,1890,6.00  p.m., 
Aug.  27,  1890,  6.00  p.m., 

. 

3.54 
4.53 

9.96 
9.72 

13.60 
14.25 

86.50 
85.75 

Average, 

4.03 

9.84 

13.87 

86.13 
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No.  3.    Dtdch ;  eleven  years  old. 


Date  of  Taking  Sample. 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

May   28,  1890,  6.00  p.m.,       . 

3.31 

9.72 

13.03 

86.97 

No.  4.    Ayrshire ;  ten  years  old. 


May  28,  1890,  6.00  p.m., 
Aug.  27,  1890,6.00  p.m., 
Nov.  26,  1890,6.00  p.m., 

Average, 


3.72 
3.67 
4.33 


3.90 


9.48 

9.79 

10.18 


9.82 


13.20 
13.46 
14.51 


13.72 


86.54 
85.49 


No.  5.    Ayr  shir 

s ;  eight  years  old. 

May    28,  1890,  6.00  p.m., 
Aug.  27,  1890,  6.00  p.m., 

2.53 
3.89 

10.00 
9.27 

12.53 
13.16 

87.47 
86.84 

Average,       .... 

3.21 

9.63 

12.84 

87.16 

No.  6. 

Devon , 

twelve  years  old. 

May   28,  1890,  6.00  p.m., 
Aug.  27,  1890,  6.00  p.m., 

• 

2.83 
2.96 

10.20 
9.66 

13.03 
12.62 

86.97 
87.38 

Average, 

2.89 

9.93 

12.82 

87.18 

No.  7.    Devon 

•  three  years  old. 

May   28,  1890,6.00  p.m., 
Aug.  27,1890,6.00  p.m., 
Nov.  26,  1890,6.00  p.m., 
Feb.    25,1891,5.00  p.m., 

3.84 
4.09 
4.60 
3.37 

10.01 
10.21 
10.56 
10.05 

13.85 
14.30 
15.16 
13.42 

86.15 
85.70 

84.84 
86.58 

Average,       .... 

3.97 

10.21 

14.18 

85.82 

No.  8.    Mixed ;  five  years  old. 


May    28,  1890,  6.00  p.m., 


4.07 


9.79 


13.86 


86.14 


No.  9. 

Holstein ;  six  years  old. 

May   28,  1890,6.00  pm., 
Aug.  27,  1890,6.00  p.m., 
Nov.  26,1890,6.00  pm., 

• 

3.76 
2.51 

4.28 

3.52 

9.24 
9.63 
9.97 

9.61 

13.00 
12.14 
14.25 

87.00 
87.86 
85.75 

Average, 

13.13 

86.87 
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No.  10.     Mixed;  six  years  old. 


Datk  of  Taking  Sample. 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

May    28,  1890,6.00  p.m., 
Aug.  27,  1890,  6.00  P.M, 
Feb.    25,1891,5.00  p.m.,  '     . 

3.15 
3.71 
3.85 

9.33 
9.70 

9.18 

12.48 

13.41 
13.03 

87.52 
86.59 
86.97 

Average,       .... 

8.57 

9.40 

12.97 

87.03 

No.  11. 

Mixed 

;  seven  years  old. 

May    28,  1890,  6.00  p.m., 
Aug,  27,  1890,  6.00  P.M, 

.  \ 

3.17 

2.88 

10.26 
10.22 

13.43 
13.10 

86.57 
86.90 

Average, 

3.02 

10.24 

13.26 

87.74 

No.  12.    Mixed, 

twelve  years  old. 

May    28,  1890,  6.00  P.M., 
Nov.   26,  1890,  6.00  pm., 
Feb.    25,  1891,  5.00  p.m., 

3.29 
3.35 
2.98 

10.02 
9.90 
9.73 

13.31 
13.25 
12.71 

86.69 
86.75 
87.29 

Average,       .... 

3.21 

9.88 

13.09 

86.91  ' 

No.  13.    Mixed ;  six  years  old. 

May    28,  1890,6.00  p.m., 
Nov.   26,  1890,6.00  p.m., 
Feb.    26,  1891,  0. 00  pm., 

2.74 
3.59 
2.98 

10.12 

10.42 

9.97 

12.86 
14.01 
12.95 

87.14 
85.99 
87.05 

Average,       .... 

3.10 

10.17 

13.27 

86.73 

No.  14.    Mixed ;  six  years  old. 


May    28,1890,6.00  p.m., 
Nov.   26,1890,6.00  p.m.,       . 
Feb.    26,1891,5.00  p.m., 

3.85 
2.93 
3.13 

11.26 
9.56 
9.77 

15.11 

12.49 
12.90 

84.89 
87.51 
87.10 

Average,       .... 

3.30 

10.20 

13.50 

86.50 

No.  15.    Mixed ;  five  years  old. 

May   28,  1890,  6.00  p.m., 
Aug.  27,  1890,6.00  p.m., 
Nov.  26,  1890,6.00  p.m., 
Feb.    26,1891,5.00  p.m.,       . 

4.09 
3.61 
3.95 
4.46 

9.86 

10.07 

9.67 

9.79 

13.95 
13.68 
13.62 
14.25 

86.05 
86.32 
86.38 
85.75 

Average,       .        .        , 

4.03 

9.84 

13.87 

86.13 
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Date  of  Taking  Sample. 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

May    28,1890,6.00  p.m., 
Aug.  27,  1890,6.00  p.m., 
Nov.  26,  1890,6.00  p.m., 

2.65 
2.81 
3.79 

10.46 
10.08 

10.37 

13.11 

12.89 
14.16 

86.89 
87.11 
85.84 

Average,       .... 

3.08 

10.30 

13.38 

86.62 

No.  17. 

Mixed. 

Aug.  27,  1890,  6.00  p.m., 
Nov.   26,1890,6.00  p.m., 
Feb,    26,1891,5.00  p.m.,  '     . 

3.40 
2.66 
3.65 

9.70 
9.85 
9.97 

13.10 
12.51 
13.62 

86.90 
87.49 
86.38 

Average,       .... 

3.24 

9.84 

13.08 

86.92 

No.  18. 

Mixed. 

Aug.  27,  1890,  6.00P.M, 
Nov.  26,  1890,  6.00  p.m., 
Feb.    25,  1891,  5.00  P.M, 

4.50 
2.28 
3.20 

9.95 
10.37 
10.05 

14.45 
12.65 
13.25 

85.55 
87.35 

86.75 

Average,       .... 

3.33 

10.12 

13.45 

86.55 

No.  19.     Mixed. 


Aug.  27,  1890,  6.00  p.m., 
Nov.   26,  1890,6.00  p.m., 
Feb.    25,1891,5.00  p.m.,       . 

2.75 
3.56 
3.02 

9.38 

10.08 

9.76 

12.13 
13.64 
12.78 

87.87 
86.36 

87.22 

Average,       .... 

3.11 

9.74 

12.85 

87.15 

No.  20. 


Aug.  27,  1890,6.00  p.m., 


3.01 


8.76 


11.77 


No.  21. 


Aug.  27,  1890,  6.00  P.M, 


2.90 


78       12.68 


87.32 
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No.  22.    Mixed. 


Date  of  Taking  Sample. 

Fat. 

Solids  not 
Fat. 

Total 
Solids. 

Water. 

Nov.   26,1890,6.00  P.M.,       . 
Feb.    25,  1891,  5.00  P.M., 

2.95 
3.42 

10.14 
9.59 

13.09 
13.01 

86.91 
86.99 

Average, 

3.18 

9.87 

13.05 

86.95 

No. 

23 

Mixed. 

Nov.   26,  1890,6.00  p.m., 
Feb.    25,  189],  5.00  P.M.,       . 

• 

2.90 
3.80 

10.42 
10.00 

13.32 
13.80 

86.68 
86.20 

Average, 

3.35 

10.21 

13.56 

86.44 

No. 

24 

Mixed. 

Nov.   26,  1890,  6.00  P.M, 
Feb.    25,  1891,  5.00  P.M., 

• 

3.25 
3.29 

10.01 
9.78 

13.26 
13.07 

86.74 
86.93 

Average, 

3.27 

9.89 

13.16 

86.84 

No. 

25 

Mixed. 

Nov.   26,  1890,  6.00  P.M, 

3.20 

10.42 

13.62 

86.38 

No. 

26. 

Feb.    25,1891,5.00  pm., 

3.46 

9.83 

13.29 

86.71 

No. 

27. 

Feb.    25,1891,5.00  p.m., 

2.67 

9.97 

12.54 

87.46 

A  part  of  the  dairy  farms  represented  in  the  following 
analyses  were  selected  in  consequence  of  the  predominance 
of  Holstein  cows  amons  them. 
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Dkugs. 

The  statute  of  1882,  relative  to  food  and  drug  inspection, 
carefully  defines  the  meaning  of  important  terms  which 
are  employed  in  the  act.  The  term  "  drug"  is  defined  as 
including  "all  medicines  for  internal  or  external  use,  anti- 
septics, disinfectants  and  cosmetics,"  and  in  a  further  classi- 
fication, embodied  in  section  3  of  chapter  263  of  the  Acts  of 
1882,  and  amended  by  section  7  of  chapter  289  of  the  Acts 
of  1884,  adulteration  of  drugs  is  specified  as  applying 
(1)  to  such  articles  as  are  named  in  the  United  States 
Pharmacopoeia;  (2)  to  articles  named  in  other  Pharmaco- 
poeias or  standard  works  on  Materia  Medica ;  and  (3)  to 
any  articles  sold  under  a  "  professed  standard." 

Under  the  broad  provisions  of  these  acts  the  Board  has 
during  the  past  seven  years  examined  a  great  variety  of  the 
articles  and  preparations  which  are  included  in  these  defini- 
tions of  the  term  "drug."  Its  work  in  this  direction  has, 
however,  been  devoted  mainly  to  the  important  list  of  arti- 
cles specified  in  the  United  States  Pharmacopoeia.  After  a 
year  or  more  of  investigation  and  preliminary  work  for  the 
purpose  of  ascertaining  what  articles  were  specially  liable  to 
adulteration,  these  articles  were  afterward  usually  selected 
by  the  inspectors  in  their  collection  of  samples. 

Within  the  past  year  there  was  a  sudden  increase  in  the 
number  of  empirical  preparations  used  as  cosmetics,  and 
especially  of  certain  articles  advertised  for  the  purpose  of 
"  improving  or  beautifying"  the  complexion.  Upon  exami- 
nation of  these  preparations  several  of  them  were  found  to  be 
of  an  unusually  poisonous  character.  They  contained  from 
three  to  eight  grains  of  bichloride  of  mercury  (corrosive 
sublimate)  to  the  fluid  ounce,  the  principal  ingredients 
being  corrosive  sublimate,  water  and  a  little  tincture  of 
benzoin.  In  the  case  of  one  of  these  articles,  Madame 
Ruppert's  Face  Bleach,  it  was  further  stated  that  "  it  is 
guaranteed  harmless,  containing  no  arsenic,  lead,  bismuth, 
sulphur,  lime  or  anything  injurious  to  the  skin.  Its  effect  is 
aliuays  beneficial.^' 

Another  preparation,  Madame  Fale's  Excelsior  Complexion 
Bleach,  put  up  in  the  same  attractive  form,  is  stated  to  be 
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"  composed  of  strictly  harmless  ingredients"  but  was  found 
on  analysis  to  be  nearly  identical  with  the  former,  and  con- 
taining the  same  violent  poison.  These  articles  were  heralded 
by  glowing  advertisements,  and  in  the  case  of  the  latter  a 
public  hall  in  Boston  was  secured,  a  band  of  music,  and 
a  free  lecture  given  for  the  purpose  of  introducing  the  prep- 
aration to  the  public.  To  the  credit  of  the  people  it  should 
be  stated  that  the  audience  was  very  small. 

Instances  of  serious  harm  from  the  use  of  these  articles 
came  to  the  knowledge  of  the  Board,  a  fact  which  is  not 
surprising  when  it  is  known  that  deaths  have  occurred  in 
several  instances  from  the  external  use  of  strong  solutions 
of  corrosive  sublimate.  (See  Orfila,  Toxicology,  vol.  1,  p. 
59  ;  also  London  Medical  Gazette,  vol.  3,  p.  QfyQ  ;  Western 
Journal  Medical  and  Physical  Science,  vol.  4,  p.  483 ; 
Gazette  des  Hopitaux.)  If  such  preparations  are  used  at 
all,  they  should  only  be  sanctioned  if  accompanied  by  care- 
ful instructions,  and  with  knowledge  of  their  poisonous 
character  on  the  part  of  the  user.  The  statement  as  to  com- 
position is  not  only  false,  in  calling  them  harmless,  but  also 
misleading  in  the  statement  that  they  contain  no  arsenic, 
lead,  bismuth,  sulphur,  etc.  Corrosive  sublimate  is  far  more 
poisonous  than  either  of  them,  with  perhaps  the  single  excep- 
tion of  arsenic. 

.  The  liberal  use  of  such  articles  externally  must  not  only 
lead  to  serious  results,  but  the  misleading  statement  as  to 
their  composition  would  also  necessarily  lead  to  a  want  of 
proper  care  in  their  use,  such,  for  example,  as  their  acci- 
dental internal  use  by  children  or  others. 

It  was  for  the  purpose  of  preventing  such  accidents,  and 
such  serious  results  as  might  occur  in  the  use  of  poisonous 
articles,  that  the  following  statute  was  enacted  in  1888  :  — 

[Chapter  209,  Acts  of  1888.] 
An  Act  regulating  the  sale  and  purchase  of  poison. 

Whoever  sells  arsenic  (arseuious  acid),  atropia  or  an}'  of  its 
salts,  chloral  hydrate,  chloroform,  cotton  root  and  its  fluid  extract, 
corrosive  sublimate,  cyanide  of  potassium,  Donovan's  solution, 
ergot  and  its  fluid  extract,  Fowler's  solution,  laudanum,  McMunn's 
elixir,  morphia  or  any  of  its  salts,  oil  of  pennyroyal,  oil  of  savin. 
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oil  of  tansy,  opium,  Paris  green,  Parsons'  vermin  exterminator, 
phosphorus,  prussic  acid,  "  rough  on  rats,"  strychnia  or  any  of  its 
salts,  tartar  emetic,  tincture  of  aconite,  tincture  of  belladonna, 
tincture  of  digitalis,  tincture  of  nux  vomica,  tincture  of  veratrum 
viride,  without  the  written  prescription  of  a  physician,  shall  keep 
a  record  of  such  sale,  the  name  and  amount  of  the  article  sold, 
and  the  name  and  residence  of  the  person  or  persons  to  whom  it 
was  delivered,  which  record  shall  be  made  before  the  article  is 
delivered,  and  shall  at  all  times  be  open  to  inspection  by  the 
officers  of  the  district  police  and  by  the  police  authorities  and 
officers  of  cities  and  towns.  Whoever  neglects  to  keep  or  refuses 
to  show  to  said  officers  such  record  shall  be  punished  by  fine  not 
exceeding  fifty  dollars.  Whoever  sells  any  of  the  poisonous 
articles  named  in  this  section,  without  the  written  prescription  of 
a  physician,  shall  affix  to  the  bottle,  box  or  wrapper  containing 
the  article  sold  a  label  of  red  paper  upon  which  shall  be  printed  in 
large  black  letters  the  word  —  Poison,  and  also  the  word  —  Anti- 
dote, and  the  name  and  place  of  business  of  the  vendor.  The 
name  of  an  antidote,  if  there  be  any,  for  the  poison  sold  shall 
also  be  upon  the  label.  Every  neglect  to  affix  such  label  to  such 
poisonous  article  before  the  delivery  thereof  to  the  purchaser  shall 
be  punished  by  fine  not  exceeding  fifty  dollars.  Whoever  pur- 
chases poison  as  aforesaid  and  gives  a  false  or  fictitious  name  to 
the  vendor  shall  be  punished  by  fine  not  exceeding  fifty  dollars  : 
provided,  that  nothing  in  this  act  shall  be  construed  to  apply  to 
wholesale  dealers  and  to  manufacturing  chemists  in  their  sales  to 
the  retail  trade. 

The  preparations  already  named  were  sold  in  violation  of 
most  of  the  provisions  of  this  act.  No  "  written  prescrip- 
tion of  a  physician  "  was  called  for  ;  no  "  record  of  the  sale  " 
was  made,  and  "  the  name  and  residence  of  the  person  to 
whom  it  was  delivered  "  was  not  reported  in  either  instance. 
The  word  "  poison  "  was  not  placed  upon  the  bottle,  and  the 
"  name  of  the  antidote"  was  also  omitted. 

In  view  of  these  facts,  complaints  were  made  out  against 
the  agents  who  sold  these  two  preparations  in  Boston,  and 
at  the  trial,  which  took  place  in  December,  both  were  con- 
victed and  fined  under  the  aforesaid  statute. 

Two  other  preparations,  bearing  the  names  of  Soule's 
Eradicator  and  Delisle's  Royal  Cream,  were  examined  soon 
afterward  and  found  to  contain  corrosive  sublimate  in  about 
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the    same   proportion    or    strength.      Parties    selling   these 
articles  were  also  convicted  and  fined  under  the  same  act. 

The  earlier  operations  of  the  Board,  having  reference  to 
requiring  a  conformity  to  the  recognized  standard  of  the 
United  States  Pharmacopoeia,  so  far  as  ofiicinal  preparations 
are  concerned,  had  a  very  marked  effect  in  securing  a  gen- 
eral improvement  in  the  quality  of  officinal  drugs.  This 
effect  was  by  no  means  of  a  temporary  character,  but  has 
continued  to  improve  up  to  the  present  time,  and  many 
articles  which  were  once  of  an  uncertain  character,  so  far  as 
their  conformity  to  any  fixed  standard  was  concerned,  are 
now  quite  uniform  as  offered  for  sale.  The  advantage  of 
this  improvement,  both  to  the  medical  practitioner  and  to 
the  public,  is  very  great. 

Prosecutions. 

By  the  provisions  of  chapter  289  of  the  Acts  of  1884  the 
Board  is  required  to  report  the  number  of  prosecutions 
conducted  under  the  food  and  drug  acts,  together  with  an 
account  of  the  expenditures  incurred. 

In  compliance  with  this  provision  the  following  account 
was  transmitted  to  the  Legislature  :  — 

Office  of  the  State  Board  of  Health, 

13  Beacon  Street,  Boston,  March,  1891. 

To  the  Honorable  Senate  and  House  of  Representatives  of  the  Common- 
wealth of  Massachusetts  in  Oene?'al  Gouri  assembled. 

The  following  summary  is  made  in  compliance  with  the 
provisions  of  chapter  289,  section  2,  of  the  Acts  of  1884, 
requiring  the  State  Board  of  Health  to  ' '  report  annually  to 
the  Legislature  the  number  of  prosecutions  made  under 
chapter  263  of  the  Acts  of  1882,  and  an  itemized  account  of 
all  money  expended  in  carrying  out  the  provisions  thereof." 

The  whole  number  of  prosecutions  made  by  authority  of 
the  Board  against  offenders,  under  the  provisions  of  the  food 
and  drug  acts,  for  the  year  ending  Sept.  30,  1890,  was  102. 

The  cities  and  towns  in  which  the  articles  were  sold,  and 
in  respect  to  which  complaints  were  entered  in  court,  the 
character  of  the  articles  found  to  be  adulterated,  or  fraud- 
ulently sold,  the  dates  of  the  trials  and  their  result,  are 
presented  in  the  following  table  :  — 
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Milk  and  Milk  Products. 

For  Fraudulent  Sales  of  Milk. 


Place. 

I 

)ATE. 

Result. 

In  Boston, 

.    Nov. 

6,  1889, 

Convicted. 

Boston, 

.    Nov. 

20,  1889, 

Convicted. 

Boston, 

.    June 

25,  1890, 

Discharged  in  Superior 
Court. 

Boston, 

.     June  25,  1890, 

Convicted. 

Lowell, 

.     Nov. 

2,  1889, 

Convicted. 

Cambridge, 

.     Mar. 

15,  1890, 

Discharged. 

Groton, 

.     Nov. 

12,  1889, 

Convicted. 

Southborough, 

.     Nov. 

22,  1889, 

" 

Southborongh, 

.     Dec. 

20, 1889, 

(( 

Southborough, 

.     Aug. 

29,  1890, 

" 

Lincoln,     . 

.     Oct. 

5,  1889, 

'( 

Lincoln,     . 

.    Mar. 

18,  1890, 

Nol  Pros. 

Needham, . 

.    Dec. 

21,  1889, 

Convicted. 

Sudbury,    . 

.    Dec. 

6,  1889, 

11 

Lexington, 

.     Dec. 

13,  1889, 

" 

Harvard,    . 

.     Dec. 

24,  1889, 

a 

Berlin, 

.     Jan. 

4,  1890, 

" 

Sterling,    . 

.     Jan. 

24,  1890, 

" 

Medfield,   . 

.     Mar. 

14,  1890, 

11 

Revere, 

.     Mar. 

29,  1890, 

Discharged. 

Revere, 

.    Mar. 

29,  1890, 

Convicted. 

Mai'lborough, 

.     May 

9,  1890, 

(1 

Andover,   . 

.    June 

30,  1890, 

" 

Ashland,    . 

.     Sept. 

6,  1890, 

" 

Total,  24  cases. 

For  Frauduler 

i  Sales  of  Adulterated  B\ 

Mer  (  Oleomargarine) . 

In  Salem, 

.     Oct. 

29,  1889, 

Convicted. 

Salem, 

.     Nov. 

16,  1889, 

Discharged. 

Somerville, 

.     Nov. 

4,  1889, 

Convicted. 

Lowell, 

.    Nov. 

18,  1889, 

11 

Lowell, 

.     Nov. 

18,  1889, 

" 

Lowell, 

.    July 

16,  1890, 

11 

Lowell, 

•    July 

21,  1890, 

11 

Lowell, 

•    Aug. 

27,  1890, 

" 

Fall  River, 

.    Nov. 

19,  1889, 

11 

Fall  River, 

.    Nov. 

26,  1889, 

11 

Fall  River, 

.     Nov. 

26,  1889, 

"     , 

Fall  River, 

.     Jan. 

29,  1890, 

11 

Fall  River, 

.     Mar, 

19,  1890, 

11 

Worcester, 

.    Dec. 

4,  1889, 

.     Discharged. 

Worcester, 

.     Mar. 

31,  1890, 

.  Discharged  in  Superior 
Court. 

Holyoke,  . 

.     April  24,  1890, 

.     Convicted. 

Holyoke,   . 

.     Api-i! 

24,  1890, 

11 

Lynn, 

.     Mar. 

27,  1890, 

i( 
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For  Fraudulent  Sales  of  Adulterated  Butter  (Oleomargarine) 
—  Concluded. 


Place. 

Date. 

Kesult. 

In  Cambridge, 

.     Sept.  25,  1890, 

Convicted 

Cambridge, 

.     Sept.  25,  1890, 

(1 

Cambridge, 

.     Sept.  29,  1890, 

Brockton, . 

.    Dec.    23,  1889, 

(( 

Lawrence, 

.     June  10,  1890, 

(( 

New  Bedford,  . 

.     April  21,  1890, 

(( 

Springfield, 

.     Jan.    21,  1890, 

C( 

Waltham, . 

.     May    21,  1890, 

" 

Marlborovigh,    . 

.     Mar.  20,  1890, 

" 

Amesbm'y, 

.     Dec.    12,  1889, 

ii 

Warren,     . 

.    Jan.    25,  1890, 

<c 

Uxbridge, 

.    Feb.    13,  1890, 

(( 

Uxbridge, 

.     Feb.    25,  1890, 

(( 

Blackstone, 

.    Feb.    24,  1890, 

(( 

Millville,  . 

.     Feb.    24,  1890, 

(( 

Millville,  . 

.     Feb.    26,  1890, 

CI 

Millville,  . 

.     Feb.    26,1890, 

« 

-  Franklin,  . 

.     Mar.    15,  1890, 

(( 

Abington, . 

.    June     9,  1890, 
Total,  37  eases. 

C( 

Other  Articles  of  F 

GOD. 

Molasses. 

In  Boston, 

.     Dec.    14,  1889, 

Convicted 

Boston, 

.     Feb.    26,  1890, 

« 

Boston, 

.    May    29,  1890, 

i( 

Boston, 

.     June     7,  1890, 

" 

Boston, 

.     June     7,  1890, 

(( 

Boston, 

.    June     5,  1890, 

« 

Boston, 

.    June     6,  1890, 

» 

Boston, 

.    June  13,  1890, 

(( 

Boston, 

.     Sept.  29,  1890, 

(( 

Holyoke,    . 

.    April  29,  1890, 

C( 

Holyoke,    . 

.     April  29,  1890, 

ct 

Lee,    . 

.     May    23,  1890, 

" 

Fall  River, 

.    June  26,  1890, 

(( 

Fall  River, 

.     June  30,  1890, 

(( 

Fall  River, 

.     July    15,  1890, 

C( 

Fitchbm'g, 

.     Sept.  27,  1890, 

n 

Fitchbiirg, 

.     Sept.  30,  1890, 

(( 

Springfield, 

.     June     4,  1890, 

(( 

Pittsfield,  . 

.     June  20,  1890, 

C( 

Cambridge, 

.     June  28,  1890, 

(( 

Haverhill, . 

.    June     5,  1890, 

It 

Ware, 

.    June     5,  1890, 

(( 

Palmer, 

.     July    19,  1890, 

C( 
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Maple  Syrup. 

Place. 

Date. 

Result. 

In  Soraerville, 

.    Oct.     28,  1889, 

Convicted 

Fall  River, 

.     July   22,  1890, 

it. 

Lowell, 

.     April  25,  1890, 

" 

Lowell, 

.    April  25,  1890, 

ii 

Springfield, 

.     May      6,  1890, 

" 

Adams, 

.     May    28,  1390, 

(( 

Great  Barrington,      .     April  22,  1890, 

«( 

Honey. 

In  Waltham,  . 

.    Dec.    28,  1889, 
Pepper. 

Convicted. 

In  Boston, 

.    Jan.    17,  1890, 

Convicted. 

Boston, 

.     Jan.    17,  1890, 

" 

Brockton,  . 

.     Mar.   28,  1890, 
Mustard. 

a 

In  Adams, 

.     May    28,  1890, 

Convicted. 

Boston, 

.     June  11,  1890, 
Cream  of  Tartar. 

Convicted. 

In  North  Adams, 

.    April  23,  1890, 

Convicted. 

Hopkinton, 

.    Aug.  19,  1890, 

" 

Fitchbui'g, 

.     Sept.  11,  1890, 
Allspice. 

li 

In  North  Adams, 

.     April  23,  1890, 

Convicted, 

Vinegar. 
In  Hopkinton,        .        .     Aug.   20,  1890,         .     Convicted. 

Milk, 24  cases. 

Butter, 87      " 

Other  articles  of  food 41      " 

Total, 102      '' 


Summary. 

The  whole  number  of  complaints  entered  by  the   State 

Board  of  Health  against  parties    for  violation   of  the   acts 

relative  to  the  adulteration  of  food  and  drugs  was  102,  of 

which  number  96,  or  94.1  per  cent.,  resulted  in  conviction. 
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Six  parties  were  discharged  either  in  the  municipal  or  the 
superior  courts.  Of  these  cases  24  were  for  violation  of 
the  laws  relative  to  the  adulteration  of  milk,  21  of  which 
resulted  in  conviction,  and  in  3  cases  the  parties  were 
discharged. 

There  were  37  complaints  under  the  oleomargarine  laws  ; 
in  34  the  parties  were  convicted,  and  in  3  they  were 
discharged. 

There  were  also  41  complaints  for  fraudulent  sales  of 
other  articles  of  food,  in  all  of  which  the  parties  were 
convicted.  The  adulterated  articles  of  food  for  which  these 
complaints  were  entered  were  the  following :  Molasses,  23 
cases ;  maple  syrup,  7  cases ;  honey,  1  case ;  pepper,  3 
cases  ;  mustard,  2  cases  ;  cream  of  tartar,  3  cases ;  allspice, 
1  case  ;  vinegar,  1  case. 

In  three  of  the  cases  which  were  discharged,  the  acquittal 
was  due  to  the  inability  of  the  complainant  to  fix  the 
responsibility  of  the  ofience  upon  the  proper  person. 

In  two  cases,  the  parties  against  whom  complaint  was 
made  had  disappeared  before  the  trial  and  could  not  be 
found. 

In  three  cases,  all  of  which  were  offences  against  the 
oleomargarine  laws,  the  convictions  secured  in  the  municipal 
courts  were  reversed  by  the  superior  courts. 

In  a  large  proportion  of  the  cases  appeals  were  taken,  but 
in  nearly  all  of  these  the  defendants  paid  their  fines  before 
the  cases  were  again  called  for  trial. 

Fines. 
The  amount  of  the  fines  paid  to  the  treasuries  of  counties, 
cities  and  towns,  under  the  provisions  of  the  general  and 
special  laws  relative  to  the  inspection  of  food  and  drugs, 
was  as  follows  :  — 

Fines  paid  for  Violation  of  the  Food  and  Drug  Acts,  %ipon  Cases 
entered  for  the  Year  ending  Sept.  30,  1890. 

Under  the  provisions  of  the  milk  laws, |825  00 

Under  the  provisions  of  the  oleomargarine  or  batter  laws,  .  2,356  00 
Under  the  provisions  of  laws  relative  to  other  articles  of  food,        738  00 

Total, f3,919  00 
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Expenditures. 

Expenses  of  Food  and  Drug  Inspection  from  Oct.  1,  1889,  to  Sept. 
30,  1890,  under  the  Provisions  of  Chapter  263  of  the  Acts  of 
1882  and  Chapter  289  of  the  Acts  of  1884  relative  to  Food 
and  Drug  Inspection. 

other  Articles 
Milk  and  of  Food 

Milk  Products.  and  Drugs. 

Salaries  of  analysts,         .    $3,000  00 $1,700  00 

Salaries  of  inspectors,     .      1,720  00 1,146  m 

Travelling  expenses  and 

purchase  of  samples,   .      1,348  73 901  27 

Legal  services,         .         .  82  80 65  20 

Incidentals,  boxes,  bags, 
bottles,  corks,  twine, 
etc.,  for  sample  collec- 
tion,     ....  41  34         

Printing,  ....  17  04 - 

$6,209  91  $3,803  13 

6,209  91 

Total, .  $10,013  04 


EEPOETS  OF  THE  ANALYSTS. 


EEPOETS  OF  THE  ANALYSTS. 


DR.   HAERINGTON'S   REPORT  UPON  FOOD. 


Boston,  Mass.,  Oct.  1,  1890. 
Dr.  S.  W.  Abbott,  Secretary  of  the  State  Board  of  Health. 

Dear  Sir  :  —  I  have  the  honor  to  submit  the  following 
report  on  the  analysis  of  foods  for  the  year  ending  Septem- 
ber 30. 

The  number  of  samples  received  and  examined  was  1,849  ; 
of  this  number  there  were  but  313  which  were  not  of  standard 
purity.  The  only  unusual  adulterants  detected  were  borax, 
which  was  found  in  considerable  amounts  in  two  samples  of 
powdered  sugar,  and  salicylic  acid,  which  was  present  in 
three  fruit  syrups  and  two  samples  of  beer.  The  other 
adulterants  detected  were  of  the  same  general  character  as 
described  in  previous  reports. 

The  following  samples  were  received  :  — 

Molasses,  431.  Seventy  samples  were  adulterated  with 
corn  glucose  in  varying  amounts.  The  remainder  were 
genuine. 

Vinegar,  183.  One  hundred  and  thirty-one  were  above 
standard,  and  fifty-two  were  deficient  in  acidity  or  residue 
or  in  both.  A  few  of  the  adulterated  samples  were  white 
wine  vinegar  colored  with  caramel. 

Cream  of  tartar,  194.  Twenty-five  samples  contained  one 
or  more  of  the  common  adulterants,  — corn  starch,  rice  flour, 
alum,  calcium  sulphate,  acid  phosphate,  etc. 
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Butter,  42.  One  proved  to  be  oleomargarine,  which  was 
sold  in  an  unmarked  wrapper. 

Cheese,  14.     All  genuine. 

Maple  syrup,  21,  and  Maple  sugar,  18.  Thirteen  of  the 
former  and  four  of  the  latter  were  found  to  be  adulterated 
with  glucose  or  brown  sugar. 

Honey,  27.  Eleven  were  adulterated  with  glucose.  Six 
of  these  bore  labels,  as  follows  :  — 

Nos.  2,157  and  7,181.     "  Pure  White  Clover  Honey  for  Medicinal  Use. 

D.  Geer." 
N"o.  7,603.     "  White  Clover  Honey.     J.  R.  Ladd." 
Nos.  7,002  and  8,232.     "  David  Holland,  Peacham,  Vt." 
No.  3,769.     "  Murray  Geer,  Ai'oostook  County,  Maine." 

Sugar,  22.  Two  contained  borax.  Additional  samples 
from  the  same  source  were  found  to  be  pure. 

Confectionery,  22.  These  were  examined  with  special 
reference  to  poisonous  colors,  which  were  in  no  case  de- 
tected. 

Tea,  55.  One  sample  contained  an  undue  amount  of 
dirt. 

Coffee,  21.     Three  consisted  wholly  of  roasted  cereals. 

Cocoa,  8.     Four  contained  wheat  flour. 

Olive  oil,  22.  Ten  proved  to  be  an  inferior  substitute,  or 
olive  oil  containing  a  small  proportion  of  cotton-seed  oil. 

Bahing  powders,  11.  All  of  these  contained  alum.  The 
following  brands  were  represented  :  — 


Anchor. 
Balloon. 
New  Eno-land. 


Universal. 
Violet. 


Soda,  13.     All  genuine. 
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Lard,  21.     Six   samples  were    adulterated  with   cotton- 
seed oil  and  stearine. 

Black  jp&pper,  151.     Thirty-five  were  adulterated.     The 
following  brands  were  represented  among  the  latter  :  — 

Bowen's. 


Bacon,  Stickney  &  Co. 
Globe  Mills. 


E.  W.  Ropes. 
Tropical  Mills, 
Springfield  Mills. 


WTiite  pejjper,  26.  Six  samples,  including  one  each 
marked  Knickerbocker  Mills  and  E.  S.  Kibbe,  Hartford, 
Conn.,  were  adulterated. 

Gloves,  135.  Eighteen  were  adulterated,  including  sam- 
ples marked  — 

Wing  &  Large,  Troy,  ISI.  Y.        I  E.  W.  Ropes,  New  York. 

India  Mills,  New  York.  |  P.  H.  Sands,  Connecticut. 

Cayenne,  19.  Three  were  adulterated.  One  of  these 
was  marked  E.  R.  Durkee  &  Co.,  New  York. 

Mace,  12.  Two  marked  E.  W.  Ropes,  New  York,  were 
adulterated. 

Ginger,  72.  Seven  samples,  two  of  which  were  from 
India  Mills,  New  York,  were  adulterated. 

Mustard,  62.  Twenty-three  adulterated.  Among  the 
latter  were  the  following  brands  :  — 


Moshier  Bros..,  New  York. 
Ardenter. 


Freeman's. 
Bowen's. 


Cassia,  144.  Eight  adulterated.  The  only  brand  among 
the  latter  was  E.  W.  Ropes,  New  York. 

Allspice,  64.  Two  samples,  both  unmarked,  were  adul- 
terated. 

Canned  foods,  17.  These  included  one  sample  each  of 
asparagus  and  pease  and  fifteen  of  condensed  milk.  One 
sample  of  the  latter  contained  slight  metallic  contamination ; 
all  the  others  were  of  good  qualit^^ 
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Miscellaneous.  The  following  were  found  to  be  of  good 
quality  :  — 

Sage,  nutmeg,  gelatine,  2  each ;  savory,  curry,  apple  jelly,  vermi- 
celli, chocolate,  horseradish,  lemon  syrup,  chicory,  "egg  custard," 
lager  beer,  1  each. 

The  following  were  adulterated  :  — 

Strawberry  syrup,  1 ;  apricot  juice,  2  ;  alica  beer,  1 ;  and  Kaiser  beer, 
1,  with  salicylic  acid ;  and  lemon  juice,  1,  which  proved  to  be  a  weak 
solution  of  citric  acid  in  water. 

Total,  1,849  ;  1,536  genuine,  313  adulterated. 

Eespectfully, 
CHARLES  HARRINGTON,  M.D. 
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DR.   DAVENPORT'S   REPORT  UPON  FOOD. 


Boston,  Oct.  1,  1890. 
Dr.  S.  W.  Abbott,  Secretary  State  Board  of  Health. 

Sir  :  —  I  have  the  following  report  to  make  upon  the  500 
samples  of  food  submitted  to  me  for  examination  during  the 
past  twelve  months.  Of  these,  377,  or  75.4  per  cent.,  proved 
to  be  of  the  good  standard  quality  called  for  under  the 
food  laws  of  this  State. 

Among  them  were  128  samples  of  butter,  of  which  58 
proved  not  to  be  butter  as  was  called  for,  but  oleomargarine 
in  its  stead.  In  this  connection  the  following  extract  from 
the  report  of  the  United  States  Consul  at  Munich,  Germany, 
to  the  Department  of  State  at  Washington  is  of  interest :  — 

In  connection  with  the  many  propositions  which  have  been  made 
about  coloring  of  oleomargarine  so  that  it  will  be  impossible  to 
substitute  oleomargarine  for.  natural  butter,  a  suggestion  made  by 
Dr.  F.  Soxhlet,  professor  in  the  Technological  Institute  and  chief 
of  the  Agricultural  Experiment  Station  at  Munich,  is  particularly 
interesting.  Starting  with  the  idea  that  any  strong  coloring  matter 
would  cause  a  deterioration  in  oleomargarine  both  in  delicacy  and 
in  nourishing  qualities,  Professor  Soxhlet  proposes  to  add  a  harm- 
less substance,  in  small  quantity,  which  would  in  no  way  change  the 
color,  taste,  smell  or  usefulness  of  oleomargarine,  but  which,  while 
it  cannot  be  removed  from  the  oleomargarine  will  yet  furnish  every 
one  with  an  easily  applied  test ;  so  that  if  only  one-tenth  part  of  a 
mixture  is  oleomargarine  it  can  be  at  once  discovered.  The  pro- 
fessor recommends  as  such  a  substance,  phenol-phthaline,  to  be 
added  to  the  oleomargarine  in  the  proportion  of  one  part  to  one 
hundred  thousand,  —  that  is,  of  one  ounce  to  three  short  tons  of 
the  oleomargarine. 

A  piece  as  large  as  a  pea  of  oleomargarine  which  had  been  thus 
treated,  if  placed  upon  a  white  surface  and  a  drop  of  a  strong 
solution  of  anyone  of  the  common  domestic  alkalies,  such  as  soda, 
potash  or  ammonia,  rubbed  into  it  would  immediately  develop  a 
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strong  pink  color.  A  little  cigar  ashes  even  rubbed  into  the 
oleomargarine  placed  upon  a  piece  of  white  paper  would  stain  the 
paper  pink.  Any  market  inspector  could  then  make  hundreds  of 
such  examinations  in  a  very  short  time,  and  every  consumer  would 
be  furnished  with  an  easy  and  certain  test.  This  manner  of 
preparing  the  oleomargarine  with  phenol-phthaline  would  not  in- 
juriously affect  the  artificial  butter  at  any  stage  of  its  manufac- 
ture or  at  any  time  in  its  use.  The  color  would  never  be  developed 
uncalled  for,  as  in  preparing  food  it  would  not  come  in  contact 
with  any  strong  alkali  and  so  would  not  become  discolored. 

Of  the  4  cheese  samples  examined  none  contained  any 
forbidden  admixture.  But  of  3  lards  1  contained  a  large 
admixture  of  cotton-seed  oil,  and  out  of  6  samples  of  olive 
oil  2  were  mostly,  if  not  wholly,  of  the  same  cotton-seed  oil. 

Of  25  samples  of  cider  vinegar  12  were  either  colored 
white  wioe,  that  is,  spirit  vinegar,  alone  or  mixed  with  some 
little  cider  for  flavor,  or  else  they  were  of  cider  vinegar  stock 
but  partially  converted  or  else  somewhat  watered. 

Among  the  common  spices  there  were  46  peppers,  of 
which  8  contained  large  admixtures  of  foreign  vegetable 
substances,  such  as  starches,  flours,  buckwheat  middlings 
and  the  like,  or  in  some  cases  they  were  wholly  grains  of 
paradise,  which  have  been  known  in  commerce  as  Malla- 
guetta  pepper. 

Of  14  samples  of  mustard  1  contained  over  25  per  cent, 
of  powdered  talc.  Of  20  cinnamon,  9  allspice,  10  cloves 
and  8  other  spices  all  but  one  of  each  variety  were  of  proper 
quality,  while  1  mace,  2  ginger  and  1  capsicum  were  all 
good. 

Of  73  samples  of  cream  of  tartar  all  but  7  were  as  they 
should  be.  These  contained,  in  some  cases,  the  well-known 
admixture  of  starch,  gypsum  and  the  like,  or  had  a  substi- 
tution of  the  acid  phosphate  of  lime.  Some,  however,  con- 
tained no  cream  of  tartar  at  all,  but  were  simply  straight 
powdered  gypsum,  to  which  only  sufficient  acid  phosphate  or 
tartaric  acid  had  been  added  to  give  the  mixture  about  the 
usual  degree  of  tart  taste  possessed  by  cream  of  tartar. 
The  makers  of  these  powders  had  taken  advantage  of  the 
not  generally  well-known  fact  that  straight  gypsum  will  act 
quite   efficiently  upon  bicarbonate  of  soda  in  liberating  its 
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gas  when  aided  by  a  degree  of  heat  much  below  that  of  a 
baking  oven.  Much  of  such  a  powder  is,  of  course,  left  in 
the  bread  in  the  inert  form  of  chalk.  The  single  sample  of 
baking  powder  exatnined  was  found  to  be  of  the  straight 
cream  of  tartar  and  soda  bicarbonate  variety. 

Out  of  87  samples  of  molasses  15  were  found  to  contain  a 
large  admixture  of  foreign  glucose  syrup,  that  is,  ranging 
from  50  to  90  per  cent,  of  glucose.  This  is  not  quite  as  bad 
a  showing  as  I  experienced  with  20  samples  which  were 
collected  in  an  adjoining  State  which  has  not  as  yet  a  gen- 
eral food-adulteration  law.  Out  of  these  20  samples  I  found 
18  which  were  even  more  admixed  than  the  worst  of  our 
own,  several  of  them  being  nothing  short  of  total  substitu- 
tion ;  one  of  them  even  being  a  glucose  syrup  very  im- 
perfectly converted  from  its  dextrine  condition. 

Out  of  13  samples  of  maple  syrup  3  contained  large 
admixture  of  foreign  glucose  syrup,  while  of  12  maple 
sugars  5  consisted  mostly  of  molasses  or  brown  sugar.  Of 
honey  2  samples,  and  of  confectionery  5  were  all  of  standard 
quality. 

Out  of  18  samples  of  tea  and  5  of  coffee  all  were  of  good 
quality.  In  coffee  several  new  admixtures  have  proved  of 
interest.  One,  consisting  of  an  entirely  artificial  coffee  sub- 
stitute, has  been  placed  upon  the  market  pressed  into  the 
form  of  whole  coffee  beans.  It  is  composed  of  a  brown- 
bread  mixture,  and  is  made  up  to  a  very  close  imitation  of 
the  color  of  roasted  coffee.  Mixed  with  the  whole  coffee, 
which  customers  have  ground  for  themselves  at  the  time  of 
purchase,  the  chances  of  its  presence  being  observed  as  the 
beans  are  being  turned  into  the  chopper  of  the  mill  are  very 
slight  indeed.  All  such  starch  substitutes  are,  however, 
readily  detected  when  mixed  with  coffee  by  placing  a  small 
quantity  of  it  upon  the  surface  of  some  water  in  a  glass 
and  noting  whether  streams  of  caramel  color  are  quickly 
seen  descending  from  the  floating  mass,  and  whether  particles 
soon  sink  to  the  bottom,  which,  upon  further  examination,  are 
found  to  be  soft,  easily  crushed,  and  present  starch  granules, 
which,  when  viewed  through  a  microscope,  will  take  on  the 
familiar  blue  coloration  upon  the  addition  of  an  iodine  solu- 
tion.    A  coffee  substitute  of  practically  the  same  materials 
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as  the  moulded  beans  is  also  sold  in  the  bulk  form  under  the 
trade  name  of  "P.  P.  C,"  which  is  translated  as  the 
"patent  process  compound."  This  is  made  up  in  two 
forms  —  "with"  and  "  without ; "  that  is,  with  or  without  the 
addition  of  chicory.  A  quite  ingenious  form  of  substitute 
is  that  made  from  pease  which  have  been  steamed,  then 
pressed  flat  and  roasted.  The  starch  granules  are  thereby 
so  altered  in  form  as  not  to  be  readily  recognized  from  their 
appearance,  and  the  starch  substance  is  so  far  converted  as 
not  to  readily  take  on  the  familiar  blue  reaction  with  iodine 
solution.  It  will,  however,  develop  after  the  lapse  of  several 
hours.  The  peculiar  palisade  formation  of  the  cells  in  the 
cuticle  of  the  pea,  however,  not  being  altered,  will  readily, 
to  the  practised  eye,  identify  the  admixture  as  belonging  to 
the  pulse  family. 

Out  of  the  3  samples  of  condensed  milk  examined  2  were 
found  to  be  of  the  usual  skim-milk  quality. 

Of  the  2  samples  of  preserved  lemon  juice  neither  was 
found  to  be  nearly  of  full  strength,  while  of  2  samples  of 
vanilla  extract  1  was  found  to  be  mostly  tonka  bean. 

BENNETT   F.    DAVENPOET, 

Analyst. 
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DR.   DAVENPORT'S  REPORT. 

MILK. 


Boston,  Oct.  1,  1890. 
Dr.  S.  W.  Abbott,  Sec7-etary  State  Board  of  Health. 

Sir  :  — I  have  the  following  report  to  make  upon  the  843 
samples  of  milk  which  were  submitted  to  me  for  examination 
during  the  past  twelve  months.  Out  of  these,  although  the 
collections  were  made  largely  from  the  more  strongly  sus- 
pected sources,  only  321,  or  38.08  per  cent.,  were  found  to 
fall  below  the  legal  requirements  for  "  good  standard  quality." 

The  detailed  results  of  my  analysis  were  as  follows  :  — 


Number  above  the  standard, 

Number  below  the  standard, 

Total, 

Number  having  more  than  15  per  cent,  of  total  solids, 

"  "       between  14  and  15  per  cent,  of  total  solids, 

13  and  14 
"12  and  13 
11  and  12 
10  and  11 
9  and  10 
8  and    9 
Number  having  less  than  8  per  cent,  of  total  solids,  . 
Number  samples  of  skimmed  milk  above  the  standard, 
Number  samples  of  skimmed  milk  below  the  standard. 
Number  samples  of  colored  milk,       .... 


522 
321 

36 

79 

322 

322 

m 

12 
4 
1 
1 

11 
1 
0 


843 


BENNETT  F.  DAVENPORT, 

Analyst. 
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DR.  WORCESTER'S   REPORT. 

MILK. 


Boston,  Jan.  1,  1891. 
Dr.  S.  W.  Abbott,  Secretary  of  the  State  Board  of  Health. 

Deae  Sir  :  —  I  have  the  honor  to  submit  the  following 
report  on  the  examination  of  milk  for  the  year  ending  Sept. 
30,  1890:  — 

During  the  year  I  received  2,123  samples.  Of  this  num- 
ber 1,224  were  collected  from  the  supply  of  19  cities  of  the 
State,  277  were  from  16  towns,  30  were  taken  from  the 
town  farms  of  4  cities  or  towns,  261  were  from  suspected 
producers  and  331  were  samples  of  known  purity. 

I  have  included  in  this  number  samples  of  known  purity 
taken  by  the  inspectors  in  October,  November  and  Decem- 
ber, 1890,  in  order  to  complete  the  series  of  known  purity 
samples  which  were  taken  from  a  herd  once  every  month 
during  the  calendar  year  1890. 

Of  the  whole  number,  996,  or  46.9  per  cent.,  were  of  less 
than  standard  quality,  and  376,  or  17.7  per  cent.,  contained 
less  than  12  per  cent,  of  total  solids. 


Inspection 

of  Nineteen  Cities^  Supjily. 

Number  of 

Number 

Number  of 

Samples  con- 

of Samples 

Samples  below 

taining  Less 

taken. 

Standard. 

than  12  Per 
Cent,  of  Solids. 

Boston, 

82 

48 

13 

Brockton,    . 

12 

4 

1 

Cambridge, 

226 

135 

46 

Chelsea, 

71 

28 

6 

Fall  River, . 

14 

1 

1 

Gloucester, . 

25 

20 

13 

Haverhill,  . 

84 

40 

14 

Lawrence,  . 

121 

46 

12 

Lowell, 

129 

51 

12 

Lynn,  . 

73 

43 

23 

Maiden, 

24 

20 

9 
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Inspection  of  Nineteen  Cities'  Sujjply  - 

—  Concluded. 

Number  of 

Number 

of  Samples 

taken. 

Number  of 

Samples  below 
Standard. 

Samples  con- 
taining Less 
than  12  Per 
Cent,  of  Solids. 

Newburyport, 
Newton, 

26 
85 

3 

35 

10 

Quincy, 
Salem, 

12 
71 

30 

10 

Somerville, 

86 

47 

18 

Waltham,    . 

36 

12 

6 

Woburn, 

23 

9 

1 

Worcester,  . 

.       '.        .         .             24 

20 

5 

Totals, 

..        .         1,224 

591 

200 

Percentages 

. 

48 

16 

Inspection  of  Sixteer 

.  Towns'  Svpply. 

Clinton,       .         .         .         .         .         . 

8 

8 

8 

Cottage  City, 

13 

7 

2 

Greenfield, 

12 

1 

1 

Hingham,    ...... 

65 

21 

9 

Hyde  Park, 

9 

7 

1 

Marlborough, 

58 

28 

15 

Medford, 

12 

4 

1 

Natick, 

11 

1 

1 

North  Adams, 

9 

6 

3 

Plymouth, 

12 

- 

- 

Proviueetown, 

12 

3 

3 

Eevere, 

9 

6 

_ 

South  Framingham,   .... 

12 

6 

2 

Stoneham,  ...... 

8 

5 

- 

Wakefield, 

16 

11 

8 

Watertown, 

23 

9 

1 

Totals, 

277 

121 

50 

Percentages,.        .... 

- 

43 

18 

Samidles 

from 

Suspected  Producers. 

Andover, 

12 

6 

6 

Ashland, 

7 

5 

4 

Berlin, 

10 

7 

3 

Boylston,     . 

5 

4 

4 

Chelmsford, 

15 

9 

2 

Concord, 

33 

19 

6 

Cordaville,  . 

21 

14 

0 

Dracut, 

12 

3 

0 

Grafton, 

12 

9 

3 

Plarvard, 

2 

2 

2 
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Samples  from  Suspected  Producers  —  Concluded. 


Number  of 

Number 

of  Samples 

taken. 

Number  of 

Samples  below 

Standard. 

Samples  con- 

tainiiifr  Less 

than  12  Per 

Cent,  of  Solids' 

Lancaster, 

6 

5 

2 

Lexington,  ...... 

33 

30 

20 

Lincoln,       

10 

2 

1 

Needham, 

16 

7 

2 

Princeton, 

7 

7 

3 

Soutliborough, 

7 

6 

5 

Sterling, 

7 

4 

2 

Stow,  . 

6 

5 

1 

Sudbury, 

Wavland, 

6 

30 

4 
14 

2 
9 

Waltham, 

4 

1 

0 

Totals,          .'.... 

261 

163 

77 

Percentages,        .... 

- 

60 

29 

Samples  from  Toion  Farms. 

Holliston,    . 
Salem, 
Wakefield, . 
Warren, 

■ 

7 

8 

5 

10 

6 
5 
5 

7 

0 
2 
2 
0 

Totals, 
Percentages, 

30 

23 
76 

4 
13 

Samples  of  Known  Purity. 

Series  from  one  Herd. 

January, 

16 

3 

1 

February, 

16 

2 

0 

March, 

32 

5 

2 

April,  . 

16 

4 

0 

May,   . 

32 

2 

2 

June,  . 

31 

6 

6 

July,    . 

16 

11 

4 

August, 

32 

15 

4 

September, 

32 

11 

1 

October, 

16 

3 

0 

November, 

32 

8 

1 

December, 

22 

7 

2 

Totals 

303 

77 

23 

Percentages,        .... 

- 

25 

7 
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Other  Samx>les  of  Known  Purity. 


Kumber 

of  Samples 

taken. 

Number  of 

Samples  below 

Standard. 

Number  of 
Samples  con- 
taining Less 
than  12  Per 
Cent,  of  Solids. 

Andover, 

Brockton,    

16 
12 

15 
6 

11 
1 

Totals, 

Percentages,         .... 

28 

21 

75 

12 
42 

Respectfully  submitted, 

CHARLES   P.  WORCESTER. 
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PROFESSOR   GOESSMANN'S   REPORT. 
WESTERN  MASSACHUSETTS. 


The  following  report  comprises  the  results  of  examina- 
tions of  milk  obtained  in  the  cities  and  towns  of  western 
Massachusetts  by  the  State  Board  of  Health  during  the 
year  ending  Sept.  30,  1890  :  — 


Tlie  whole  number  of  samples  examined  was  , 
The  number  above  the  standard  was  .  .  . 
The  number  below  the  standard  was"  .  .  . 
The  percentage  of  samples  below  the  standard  Avas 


270 

209 

61 

22.6 


The  percentage  of  samples  found  to  be  below  the  legal 
standard  was  sliojhtlv  neater  than  was  found  in  the  examina- 
tions  of  the  previous  year. 

The  statistics  relating  to  the  examinations  of  the  milk 
obtained  from  cities  and  towns  in  the  four  western  counties 
are  presented  in  the  following  table  :  — 


Total. 

Above 
Standard. 

Below 
Standard. 

Percentage 

below 
Standard. 

Skimmed. 

Chicopee, 
Greenfield, 

36 
12 

29 
10 

7 
2 

19.44 
16.66 

6 

Holyoke, . 
North  Adams, . 

36 
24 

28 
17 

8 
7 

22.22 
29.16 

2 

Northampton, . 
Orange,    . 

24 

7 

20 
5 

4 
2 

16.66 

28.59 

3 

Pittsfield, 

12 

11 

1 

8.33 

- 

Shelburn-e  Falls, 

10 

9 

1 

10.00 

- 

Springfield,      . 
Turner's  Falls, 

73 
12 

52 
9 

21 
3 

28.76 
25.00 

1 

Ware, 

12 

11 

1 

8.33 

- 

Westfield, 

12 

8 

4 

33.33 

- 

Totals,      . 

270 

209 

61 

22.59 

12 

CHARLES  A.  GOESSMANN. 


EEPOET  OF  THE  ANALYST  OF  DEUGS, 


DR.   DAVENPORT'S   REPORT  UPON  DRUGS. 


Boston,  Oct.  1,  1890. 
Dr.  S.  W.  Abbott,  Secretary  Slate  Board  of  Health, 

Sir  :  —  I  have  the  following  report  to  make  upon  the  400 
samples  of  drags  which  were  submitted  to  me  for  examina- 
tion during  the  past  twelve  months.  Of  these,  75,  or  18.75 
per  cent.,  were  found  not  to  be  of  their  proper  standard 
quality  as  called  for  by  the  laws  of  Massachusetts  relating 
to  food  and  drugs. 

Among  the  drugs  examined  were  7  samples  of  powdered 
opium,  which,  assayed  by  the  oiEcial  method,  yielded  the 
following  per  cents,  of  morphia  :  — 

Between  12.5  and  12.6  per  cent,  of  morphia,  1  sample. 


12.4 

12.5 

12.3 

12.4 

12.0 

12.1 

11.6 

11.7 

11.3 

11.8 

i           1 

10.7 

10.8 

Of  tincture  of  opium  the  30  samples  examined  by  the 
above  method  of  assay  were  found  to  yield  :  — 

Between  1.20  and  1.30  per  cent,  of  morphia,  7  samples. 
1.10    "    1.20        "  "         10 

1.00    "    1.10        "  "  3 

0.90    "    1.00        "  "  5 

0.80    "    0.90        "  "  5 

The  1  sample  of  apomorphia,  and  the  2  samples  of  powder 
of  opium  and  ipecac,  which  were  examined,  were  all  found 
to  be  of  standard  quality. 

Of  the  31  samples  of  simple  salts  of  cinchona  alkaloids  all 
were  found  to  be  of  standard  quality,  while  with  the  com- 
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pound  salts  of  citrate  of  iron  and  quinine  the  following  yields 
were  obtained  upon  assay  of  the  scales  :  — 

Between  12  and  13  per  cent,  of  alkaloid,  15  samples. 

11    "    12        "  "         10 

8    "      9        "  "  1 

while  the  single  sample  of  the  salt  in  solution  proved  to 
contain  but  the  one-eighth  part  of  the  proper  quantity  of  the 
alkaloid,  this  year's  experience  in  this  respect  thus  being 
similar  to  preceding  ones. 

With  the  11  samples  of  tincture  of  nux  vomica  the  fol- 
lowing results  were  obtained  :  — 

Between  2.50  and  3.00  per  cent,  of  extract  in  3  samples. 
2.00    "    2.50        "  "  5 

1.60    "    2.00        "  "  1 

1.00    "    1.50        "  "  1 

0.50    "    1.00        "  "  1 

There  were  15  samples  of  iodoform,  7  of  chloroform,  3  of 
alcohol  and  11  of  stronger  ether,  all  of  which  proved  to  be 
of  proper  quality.  The  2  samples  of  distilled  water  proved 
to  be  simple  tap  water.  Of  the  10  samples  of  simple  syrup 
6  proved  to  be  markedly  deficient  in  sugar,  averaging  in  fact 
hardly  half  of  the  proper  amount.  Of  9  samples  of  com- 
pound spirits  of  ether  but  ii  had  in  any  approximate  degree 
the  profjer  proportions  of  the  very  important  ingredient, 
heavy  oil  of  wine.  Of  14  samples  of  spirits  of  nitrous  ether 
but  7  at  all  approached  the  proper  proportions  of  ethyl  nitrite, 
while  the  other  7  had  less  than  one- quarter  of  that  amount. 
The  17  samples  of  chloral  hydrate  were  all  of  standard  qual- 
ity. Of  the  distilled  spirits,  whiskey  and  brandy,  4  samples 
were  examined,  and  all,  as  has  happened  in  previous  years, 
have  proved  not  to  be  of  the  special  quality  called  for  under 
the  drug  law  for  use  in  medicine.  They  had  all,  in  sh(n't, 
been  "  improved  "  or  manufactured  by  the  arts  of  the  recti- 
fier, while  the  law  in  this  particular  instance  allows  of  no 
other  "improvement"  in  the  straight  distilled  spirit  from 
fermented  grain  or  grape  than  that  efi'ected  by  nature  alone 
in  time. 
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In  this  connection  an  article  in  a  recent  number  of  the 
American  Druggist  upon  an  exhaustive  report  lately  made 
by  Prof.  W.  Fresenius  in  his  Zeitschrift  fiir  Analytische 
Chemie  upon  the  composition  and  constituents  of  distilled 
spirits  is  of  interest.  It  says  :  "  It  is  quite  certain  that  only 
a  very  minute  proportion  of  the  distilled  spirits,  as  they 
appear  in  the  market,  actually  correspond  to  the  definition 
of  '  pure  distillates  from  their  respective  fermented  mashes.'" 
"  As  the  addition  of  a  small  proportion  of  cane  sugar  is  uni- 
versally conceded  to  result  in  an  improvement  of  the  taste 
of  brandy,  it  cannot  on  its  own  account  be  objected  to. 
The  question  is  only  whether  Cognac  thus  '  improved '  is  still 
to  be  called  or  recognized  as  Cognac  or  brandy,  or  whether 
it  is  to  be  classed  among  compound  liquors  (cordials, 
liqueurs),  although  commercial  custom  has  up  to  the  present 
retained  the  name  of  Cognac  for  this  'compound'  article. 
The  German  custom  authorities,  however,  often  fail  to 
accept  this  view.  In  consequence  thereof  French  exporters 
have  adopted  the  plan  of  sending  the  pure  'unimproved' 
brandy  by  itself,  and,  separate  from  it,  the  requisite  improv- 
ing liquid  (coloring  matter,  probably  accompanied  by  certain 
aromatic  essences)."  He  says  further,  "  while  the  '  improve- 
ments '  thus  far  outlined  —  addition  of  water,  coloring  matter 
and  sugar  —  are,  to  a  certain  extent,  allowable,  there  is 
another  manipulation  which  goes  beyond  this  limit ;  this  is 
the  addition  of  spirit  and  the  subsequent  reduction  with 
water,  both  of  which  are  very  commonly  practised."  With 
this  addition  of  spirit  begins  a  class,  or  series  of  changes, 
which  form  a  gradual  transition,  indefinable  as  to  the  exact 
limits  from  the  genuine  to  the  adulterated  brandy,  and  to  its 
absolute  imitation,  in  which  latter  there  is  not  even  a  trace 
of  the  genuine  distillate. 

In  proportion  as  the  addition  of  spirit  increases  and  the 
genuine  distillate  decreases,  there  is  a  diminution  of  the 
aroma,  which  is  usually  replaced  by  so-  called  Cognac  essences 
or  other  aromatic  compounds  ;  moreover,  it  becomes  neces- 
sary to  add  more  coloring  matter  and  sugar.  An  interest- 
ing but  not  generally  known  fact  has  been  communicated 
to  Professor  Fresenius   by  Mr.   Schmoelder  of  Frankfort, 
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namely,  that  the  best  Cognac  is  not  always  obtained  from  the 
best  vintages  or  "  wine  years,"  but  that  other  ordinary  and 
even  inferior  vintages  may  yield  the  best  Cognac.  This  is 
due  to  the  fact  that  a  less  quantity  of  a  strong  wine  is 
required  to  yield  a  given  measure  of  brandy  of  a  certain 
strength  ;  thus  the  brandy  obtained  from  a  weaker  wine  may 
contain  a  greater  concentration  of  the  aromatic  principles. 

Professor  Frescnius  further  discusses  at  considerable 
length,  taking  the  negative  side,  whether,  as  some  authori- 
ties seem  inclined  to  so  regard  it,  a  brandy  which  has  been 
compounded  or  improved  by  the  addition  of  aromatics  and 
then  redistilled,  or  has  otherwise  been  manipulated,  can  still 
be  justly  regarded  as  a  "distillation  product  from  wine." 
He  concludes  that  all  other  than  that  of  the  quality  of  the 
Pharmacopoeia  is  to  be  considered  as  an  artificial  or  manu- 
factured brandy. 

As  to  the  quality  of  the  Cognac  brandy  when  imported 
diiect  from  France  and  sold,  as  the  law  directs,  "  as  pure  and 
unadulterated  as  when  imported,"  the  following  extract  from 
the  December,  1888,  report  to  the  United  States  Department 
of  State  of  O.  Malmros,  the  United  States  Consul  at  Cognac, 
the  commercial  centre  of  the  trade,  may  give  some  useful 
information.  Cognac  brandy,  he  says,  is  divided  into  two 
principal  classes,  "  the  champagnes,"  made  from  wine  grown 
upon  the  plains  cultivated  from  remote  antiquity,  and  the 
"  bois,"  grown  on  territory  which  until  the  present  century 
mostly  abounded  in  trees  ;  this  last  is  subdivided  into  "  pre- 
miers," "  fin,"  "  bons,"  "  ordinaire  "  and  lastly  "  a  terroir," 
which,  on  account  of  its  strong  unpleasant  taste,  cannot  be 
employed  except  in  very  small  proportions  for  blending  with 
other  brandies,  without  injury  to  their  flavor.  The  sandy, 
waste  district  producing  this  most  inferior  brand  he  says  has 
suffered  but  little  from  the  phylloxera,  while  in  the  remain- 
der of  the  "  bois"  district  its  ravages  have  been  formidable ; 
but  the  vineyards  of  the  "  champagne  "  country  have  been 
entirely  destroyed,  and  no  champagne  brandy  has  been  dis- 
tilled since  the  year  1878,  when  the  phylloxera  first  made 
its  appearance  in  the  valley  of  the  Charente  River. 

"  Although  the  home  consumption  of  Cognac  in  France 
has  not  diminished  at  all  during  the  past  ten  years,  the  pro- 
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duction  has  hardly  equalled  the  one-ninth  of  that  of  an 
average  year  before  the  phylloxera  commenced,  yet  the 
exportations  have  declined  only  one-half.  About  fifty  per 
cent,  of  all  the  brandies  exported  to  the  United  States  are 
invoiced  at  300  francs  per  hectolitre,  or  under,  while  the  aver- 
age cost  at  which  newly  distilled  pure  brandy  of  standard 
strength  may  be  imported  into  the  United  States,  on  the 
basis  of  100  francs  per  barrel  of  wine  of  two  hectolitres,  M. 
Malmros  states  to  be  over  560  francs.  From  a  comparison  of 
these  amounts  one  may,  he  thinks,  infer  the  probable  purity 
of  the  brandy  imported.  He  has  not,  however,  the  slightest 
doubt  that  the  great  majority  of  the  Cognac  merchants  fur- 
nish as  good  and  pure  an  article  as  the  prices  their  customers 
are  willing  to  pay  enables  them  to  furnish." 

As  whii^key  was  not  among  the  distilled  spirits  examined 
by  Professor  Fresenius  the  following  extract  from  a  report 
by  C.  Richardson,  a  chemist  of  the  United  States  Department 
of  Agriculture,  is  instructive.  His  samples  of  "  straight 
whiskey "  were  obtained  directly  from  the  United  States 
bonded  w^arehouse,  through  the  United  States  commissioner 
of  internal  revenue ;  his  commercial  samples  were  from 
reputable  wholesale  and  retail  dealers.  He  says:  "Very 
few  straight  whiskeys  are  sold  as  such  in  America,  it  having 
been  found  desirable  from  a  commercial  point  of  view  to 
mix  the  products  of  difterent  fermentations  or  mashes  which 
have  a  different  flavor,  to  add  artificial  flavoring  materials, 
such  as  tea,  spices  and  sugar,  and  often  to  reduce  the  strength 
with  water."  His  results  show  that  upon  the  average  the 
commercial  samples  contained  over  twenty  times  as  much 
total  solids  as  did  the  natural  ones.  Herein  his  results  agree 
with  my  own,  as  shown  in  previous  repoits. 

Of  wines  five  samples  were  examined,  and  among  them 
three  were  found  not  to  be  the  natural  article  called  for  by 
the  standard  of  the  drug  law,  but  they  had,  like  the  samples 
of  distilled  spirits,  been  "improved." 

In  Spain,  according  to  the  royal  decree  of  Jan.  30,  1888, 
concerning  wines,  based  upon  the  report  of  the  Royal 
Academ}^  of  Medicines  and  the  Royal  Council  of  Health,  all 
wines  are  to  be  considered  as  adulterated  which  contain 
imperfectly  rectified    industrial  alcohol,  or  impure  alcohol 
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from  the  residue  or  mash  of  grapes,  which  contain  salicylic 
acid  or  other  antiseptic  substance,  which  contain  any  vege- 
table coal  tar  or  other  foreign  coloring  matter,  which  contain 
any  glucose  or  starch  sugar,  or  new  wine,  or  any  foreign 
glycerine. 

The  true  sherry  district  is  a  territory  of  only  about  a  dozen 
miles  square,  and  is  included  within  the  towns  of  Port  St. 
Mary's  and  Jerez,  the  chamber  of  commerce  of  which  rules 
that  all  wines  containing  anything  foreign  to  the  pure  must 
of  the  grape  is  to  be  deemed  as  adulterated.  The  United 
States  Consul  at  Cadiz,  in  his  report  to  the  State  Department 
concerning  the  quality  of  wine  shipped  from  that  port,  says 
of  New  York  that  "  the  largest  quantity  consumed  there  is  of 
very  low  grade."  And,  "  In  general,  the  low-priced  sherries 
are  blended  or  compounded  of  four  or  more  different  sorts, 
viz  :  alcohol,  sweet  wine,  in  which  the  fermentation  has  been 
checked  by  a  large  addition  of  alcohol ;  colored  wine,  cheap 
new  wines  of  diiferent  kinds,  and  sometimes  of  a  few  gallons 
of  older  wine,  to  help  the  whole  to  an  older  appearance." 

Of  17  samples  of  pharmacopceial  salts  of  bismuth  and  7  of 
magnesia,  1  cream  of  tartar,  I  cocoa  butter,  and  27  U.  S.  P. 
acids  all  proved  to  be  of  standard  quality,  as  did  also  24 
different  spices,  6  starches,  2  rhubarbs  and   10  lycopodiums. 

One  sample  of  olive  oil  proved  to  be  mostly  cotton-seed 
oil,  and  one  of  musk  proved  to  contain  very  little  of  that 
substance.  Out  of  13  samples  of  the  pharmacopoiial  essen- 
tial oils  all  but  1  proved  to  be  of  fairly  good  quality,  while 
out  of  33  samples  of  the  solid  extracts  9  were  not  of  stand- 
ard quality. 

Of  honey  11  samples,  of  glycerine  14,  and  of  lemon  juice 
1,  were  all  good,  while  of  pepsiu  2  samples  had  only  1  of 
proper  quality.  Of  proprietary  articles  the  following  were 
examined  :  a  hair  dye  which  was  found  free  from  any  inju- 
rious substance,  while  Radam's  Microbe  Killer  appears  to  be 
principally  a  watery  solution  of  burning  sulphur  fumes  which 
had  become  decomposed  into  quite  a  strong  solution  of  sul- 
phuric acid.  It  seems  to  be  flavored  and  partially  disguised 
by  the  addition  of  some  little  sweet  red  wine.  Its  claim 
for  originality  and  as  a  panacea  for  all  ills  would  therefore 
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seem  to  have  only  about  the  usual  basis  for  such  pretensions. 
Ozonos  as  a  fairly  strong  solution  of  a  permanganate  has 
much  more  efficacy  than  oiiginality  as  a  disinfectant.  The 
like  could  well  be  said  of  Modene,  which  was  found  to  be  one 
of  the  well-known  sulphides  which  has  been  used  for  cen- 
turies for  the  removal  of  superfluous  hair  from  the  skin. 

BENNETT  F.  DAVENPORT, 

Analyst. 
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WEEKLY  MORTALITY -REPORTS  OF 
CITIES   AND   TOWNS. 


It  has  been  the  custom  of  the  Board,  almost  from  its  organi- 
zation, to  collect  from  each  of  the  cities  and  large  towns  (and 
such  of  the  smaller  towns  as  have  voluntarily  sent  them) 
the  returns  of  deaths  obtained  in  each  municipality  during 
the  preceding  week.  These  have  been  published  weekly  by 
the  Board  in  a  bulletin,  a  copy  of  which  has  been  forwarded 
to  the  town  clerks  and  registrars  of  each  city  and  town. 

This  summary  has  furnished  an  important  index  of  the 
prevalence  of  the  principal  infectious  diseases  in  the  State, 
and  although  not  so  complete  as  the  returns  furnished  in  the 
Registration  reports,  the  weekly  returns  of  mortality  may  be 
taken  as  a  reasonably  reliable  history  of  the  health  of  the 
people  from  week  to  week  throughout  the  year. 

The  princii)al  point  of  interest  which  stands  out  promi- 
nently in  the  returns  of  1890  is  the  increased  mortality  from 
respiratory  diseases,  which  occurred  coincidently  with  the 
epidemic  of  influenza  in  January,  1890. 

This  epidemic  was  made  the  subject  of  a  special  paper  in 
the  last  annual  report,  in  which  it  was  shown  that  not  less 
than  three-fourths  of  a  million  of  the  inhabitants  of  the  State 
suiiered  from  the  epidemic  to  a  greater  or  less  degree.  It 
was  also  estimated  that  not  far  from  twenty-five  hundred 
persons  lost  their  lives  by  the  epidemic. 

It  appears,  hovvever,  that  the  losses  by  other  diseases  were 
less  numerous  durins:  the  remaining  months,  so  that  ihe 
general  mortality  for  the  year  was  not  very  greatly  increased. 
The  epidemic  undoubtedly  proved  fatal  to  many  persons  of 
weak  and  enfeebled  constitutions,  and  especially  to  tubercu- 
lous persons,  who  would  in  all  probability  have  died  later  in 
the  year. 
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The  report  of  the  year  1890  has  the  advantage  of  behig 
made  up  from  the  statistics  of  .a  census  year,  so  that  its 
ratios  are  more  correct  than  those  of  intervening  years,  in 
which  estimates  of  population  only  can  be  employed.  The 
population  contributing  to  these  returns,  mainly  that  of  cities 
and  large  towns,  was  about  1,150,000. 

The  data  embraced  in  this  report  are  included  in  the  fol- 
lowing table,  and  comprise  the  following  particulars  :  they 
relate  to  those  diseases  which  are  of  special  sanitary  signifi^ 
cance,  a  large  portion  of  which  are  considered  as  either 
infectious,  communicable  or  preventable  diseases  ;  to  these 
are  also  added  such  meteorological  data  as  are  essential. 


Average  height  of  barometer  for 

Deaths  from  consumption. 

each  week. 

Deaths  from  acute  lung  diseases. 

Mean  of  daily  maximum  tempera 

Deaths  from  typhoid  fever. 

ture. 

Deaths  from  diarrhoeal  diseases. 

Mean  of  daily  minimum  tempera- 

Deaths  from  scarlet-fever. 

tvire. 

Deaths  from  measles. 

Rainfall  in  inches. 

Deaths  from  diphtheria  and  croup 

Humidity. 

Deaths  from  puerperal  fever. 

Total    deaths    reported   for    each 

Deaths  from  whooping-cough. 

week. 

Deaths  from  malarial  fever. 

Deaths  of  children  under  five  years. 

Deaths  from  small-pox. 

Deaths  from  infectious  diseases. 

Deaths  from  erysipelas. 
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Total  Deaths. 

The  whole  number  of  deaths  reported  for  the  year  1890 
from  the  cities  and  towns  which  contributed  to  these  returns 
was  24,564,  and  the  average  number  for  each  week  was 
47  2. 

The  greatest  number  of  deaths  reported  in  a  single  week 
was  811,  in  the  week  ending  with  January  18,  and-  the  least 
number  reported  was  349,  in  the  week  ending  June  28. 
The  date  of  this  maximum  differs  from  that  of  other  years, 
and  was  due  to  the  effect  of  the  serious  epidemic  of  influenza, 
which  w^as  fully  treated  in  the  last  annual  report  (p.  307). 

The  weekly  average  number  of  deaths  reported  for  each 
month  was  as  follows  :  — 


January, 

.     692 

July,       .         .         . 

.     497 

February, 

.     450 

August,  . 

.     570 

March,    . 

.     433 

September,     . 

.     475 

April, 

.     450 

October, . 

.     399 

May,        .         .         . 

.  .      .430 

November, 

.     397 

June, 

.     369 

December, 

.     355 

The  months  in  which  the  greatest  numbers  of  deaths  were 
reported  were  January,  August  and  July,  and  those  in 
which  the  least  numbers  were  reported  were  December, 
June  and  November. 

Of  the  total  number  of  deaths  reported,  the  percentages 
of  mortality  in  each  quarter  of  the  year  were  as  follows  :  — 


All  Ages. 

Ages  undee  5  Yeaks. 

Numbers. 

Percent- 
ages. 

Numbers. 

Percent- 
ages. 

First  quarter,         .... 
Second  quarter,     .... 
Third  quarter,        .... 
Fourth  quarter,     .... 

6,760 
5,428 
7,020 
6,356 

27.52 
22.10 
28.58 
21.80 

1,845 
1,724 

3,668 
1,602 

21.11 
19.73 

40.83 
18.33 

24,564 

100,00 

8,739 

100.00 

The  ratios  of  total  deaths  in  each  quarter  as  compared 
with  the  total  mortality  differed  very  much  from  those  of  the 
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previous  year,  in  which  the  percentage  of  mortality  in  the 
third  quarter  greatly  exceeded  that  of  either  of  the  other 
quarters.  In  the  record  of  1890  the  percentages  of  mor- 
tality in  the  first  and  third  quarters  were  nearly  equal,  while 
those  of  the  second  and  fourth  quarters  were  also  nearly 
equal,  but  much  less  than  those  of  the  first  and  third. 

Deaths  under  Five  Yeaes. 

The  number  of  reported  deaths  of  children  under  five 
years  of  age  was  8,73tl,  and  the  weekly  average  for  the 
year  was  168.  The  greatest  number  of  deaths  of  this  class 
reported  for  a  single  week  was  441,  in  the  week  ending 
August  2,  and  the  least  number  was  87,  for  the  week  end- 
ing February  8.  The  ratio  of  reported  deaths  of  children 
under  five  years  of  age  to  the  total  deaths  was  35.58  per 
cent.,  or  one  in  2.8,  as  compared  with  34.85  per  cent,  in 
1889,  33.7  in  1887,  and  36,6  in  1886. 

The  average  weekly  number  of  deaths  of  children  under 
five  for  each  month  was  as  follows  :  — 


January, 

.     133 

July,        .         .         . 

.     234 

February, 

.     123 

August,  . 

.     351 

March,    .... 

.     144 

September, 

.     219 

April,      .         .         .         . 

.     153 

October, . 

.     140 

May,        .... 

.     134 

November, 

.     114 

June,       .... 

.     110 

December, 

.     118 

The  months  in  which  the  greatest  numbers  of  deaths  of 
this  class  were  reported  were  July,  August  and  September, 
and  those  in  which  the  least  numbers  were  reported  were 
Fiebruary,  June  and  December. 

The  percentages  of  deaths  in  each  quarter  of  the  year  did 
not  differ  materially  from  those  of  1889,  that  of  the  third 
quarter  in  each  year  being  very  much  greater  than  that  of 
either  of  the  other  quarters.  The  epidemic  of  influenza  did 
not  affect  this  class  of  deaths  nearly  so  much  as  the  preced- 
ing, i.e.,  the  total  mortality.  The  epidemic  produced  its 
most  fatal  effects  in  the  month  of  January,  and  its  effects 
upon  the  class  of  adults,  or  at  least  upon  that  portion  of  the 
population  who  were  more  than  five  years  of  age,  is  shown 
by  the  following  table  :  — 
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Deaths  op  Persons  over  Five 
Yeaks  of  Age. 

Deaths. 

Percentages. 

First  quarter,          .         .         .         . 

Second  quarter,      ...... 

Third  quarter, 

Fourth  quarter, 

4,915 
3,704 
3,452 
3,752 

31.06 
23.41 
21.81 
23.72* 

100.00 

Consumption. 

The  number  of  deaths  reported  from  consumption  during 
the  year  was  3,193,  and  the  weekly  average  was  61.  The 
greatest  number  reported  from  this  cause  in  one  week  was 
130,  in  the  week  ending  January  4,  and  the  least  number 
31,  in  the  week  ending  November  22. 

In  the  first  three  weeks  of  January  (the  three  most  fatal 
weeks  also  of  the  epidemic  of  influenza  as  reported  in  the 
twenty-first  annual  report  of  the  Board),  the  deaths  were 
successively,  130,  117  and  114,  or  double  the  weekly  average 
of  the  year. 

The  average  weekly  number  of  deaths  reported  for  each 
month  from  this  cause  was  as  follows  :  — 


January, 

.     103 

July,       .         . 

.       53 

February, 

.       64 

August,  . 

.      57 

March,    . 

.       64 

September,     . 

.      66 

April,      . 

.       62 

October, . 

.60 

May,       . 

.       62 

November, 

.       49 

June, 

.      68 

December, 

.       61 

The  variations  from  the  average  weekly  numbers  for  the 
two  years  1889  and  1890  are  shown  in  the  following  table  :  — 

Departures  from  the  Weekly  Average. 


1889. 

1890. 

1889. 

1890. 

January, . 

0 

42 

July,      . 

— r 

—8 

February, 

4 

3 

August, . 

—1 

—4 

March,     . 

0 

3 

September,    . 

—3 

—5 

April, 

2 

1 

October, 

0 

—11 

May, 

—1 

1 

November,     . 

1 

—12 

June, 

—2 

—3 

December, 

0 

0 
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The  marked  effect  of  the  epidemic,  in  removing  a  large 
number  of  weak  and  enfeebled  consumptives  who  would 
under  ordinary  circumstances  probably  have  died  in  the 
later  months  of  the  year,  and  the  consequent  disturbing 
effect  upon  the  ordinary  uniform  mortality-rate  from  this 
disease,  is  also  shown  in  the  foregoing  table. 

In  1889  there  was  a  variation  of  only  7  between  the  max- 
imum and  minimum  weekly  average,  while  in  1890  the  varia- 
tion amounted  to  99. 

The  ratio  of  reported  deaths  from  consumption  to  the  total 
mortality  reported  from  all  causes  was  130  per  1,000  as  com- 
pared with  125  in  1889,  134.2  in  1888,  141.1  in  1887  and 
156.5  in  1886. 

The  ratio  to  the  reporting  population  was  2.78  per  1,000. 

Acute  Lung  Diseases  (Pneumonia^  Bronchitis,  Asthma 
and  Pleurisy) . 
The  number  of  deaths  reported  from  this  group  of  cases 
was  3,213  and  the  average  number  for  each  week  was  62. 
The  average  weekly  number  reported  for  each  month  was  as 
follows  :  — 


January, 

.     212 

July,       .        .        . 

.       25 

February, 

.      78 

August,  . 

.       26 

March,    . 

.         .      76 

September, 

.        .      ^3 

April, 

.       73 

October, . 

.      31 

May, 

.       60 

November, 

.      48 

June, 

.       33 

December, 

.       66 

The  months  having  the  greatest  numbers  of  reported  deaths 
from  these  causes  were  January,  February  and  March. 
Those  of  January  far  exceeded  those  of  either  of  the  remain- 
inor  months.  The  months  having  the  least  number  were 
July,  August  and  September.  The  ratio  of  reported  deaths 
from  these  causes  as  compared  with  the  total  reported  mor- 
tality was  130.8  per  1,000,  as  compared  with  106.03  in  1889, 
121.8  in  1888  and  107.3  in  1887.  The  greatest  number  of 
reported  deaths  from  these  causes  in  any  week  was  277,  in 
the  week  ending  January  18,  and  the  least  number  was  11, 
in  the  week  ending  August  9.  The  reported  deaths  for  the 
four  weeks  ending  January  4,  11,  18  and  25  were,  respec- 
tively, 167,  255,  277  and  151  ;  while  for  the  first  four  weeks 


464 


STATE  BOARD   OF  HEALTH.     [Pub.  Doc. 


of  1889  they  were,  respectively,  59,  43,  67  and  54.  The 
mortality-rate  as  compared  with  the  reporting  population 
was  280  per  1,000. 

Typhoid  Fever. 

The  number  of  reported  deaths  from  typhoid  fever  in 
1890  was  476,  and  the  weekly  average  was  9.  The  average 
weekly  number  reported  for  each  month  was  as  follows  :  — : 


January,  . 

.      6 

July,          .         .         . 

.      4 

February, 

.      7 

August,     . 

.       9 

March,      . 

.      5 

September, 

.     16 

April, 

.      4 

October,    . 

.     14 

May, 

.      5 

November, 

.     18 

June, 

.      5 

December, 

.15 

The  greatest  numbers  of  reported  deaths  from  typhoid 
fever  occurred  in  the  months  of  September,  November  and 
December,  and  the  least  numbers  in  April,  June  and  July. 

The  ratio  of  reported  deaths  from  this  cause  to  the  total 
reported  mortality  from  all  causes  was  19.33  per  1,000  as 
compared  with  20.9  in  1889,  20.7  in  1888  and  20.9  in  1887. 
The  average  annual  mortality-rate  from  this  cause  per  1,000 
deaths  from  all  causes  for  the  decade  1861-70  was  46.9, 
and  for  the  next  decade  it  was  31.7  ;  while  for  the  decade 
1881-90  the  same  ratio  was  about  23.0  (estimated),  a  reduc- 
tion of  one-half  since  1861,  notwithstanding  the  continued 
high  prevalence  in  some  of  the  cities  having  polluted  water 
supplies. 

The  ratio  to  the  reporting  population  Avas  .41  per  1,000. 
The  greatest  number  of  reported  deaths  from  this  cause  in 
one  week  was  19  in  each  of  the  weeks  ending  September  6, 
19,  October  18,  November  8,  22  and  29  and  December  27, 
and  the  least  number  was  1  in  the  weeks  ending  May  17  and 
June  14. 

DiARRHCEAL  DISEASES   {Diarrhoea,    Dysentery,    Cholera 

Infantum,   Cholera  and  Enteritis). 

The  number  of  deaths  reported  from  these  causes  in 
1890  was   2,205  and   the    weekly    average    was    42.      The 


No.  34.] 


MOETALITY  EEPOETS. 


465 


average  weekly  number   reported  for  each   month  was  as 
follows  :  — 


January,  . 

7 

July, 

.  lU 

February, 

.      4 

August,    . 

.  202 

March, 

.       6 

September,     . , 

.    84 

April, 

.      8 

October,   . 

.     36 

May,         .■       . 

.       6 

November, 

.      9 

June, 

•  .11 

December, 

.      7 

The  months  having  the  greatest  number  of  reported  deaths 
from  these  causes  were  July,  August  and  September,  and 
those  having  the  least  number  were  February  and  May. 
The  greatest  number  reported  in  one  week  was  265,  in  the 
week  ending  August  2  ;  and  the  least  number  was  2,  in  the 
weeks  ending  January  4,  February  15  and  May  31.  The 
mortality  from  these  causes  reported  for  the  last  two  quar- 
ters of  1890  was  91.7  per  cent,  of  the  total  number  reported 
for  the  year  from  the  same  causes  ;  and  for  the  three  months 
of  July,  August  and  September  it  was' 81.9  per  cent.  The 
ratio  of  the  mortality  from  these  causes  to  the  total  mortality 
was  89.8  per  1,000,  as  compared  with  87.7  in  1889,  77.9  in 
1888  and  82.5  in  1887.  The  mortality-rate  per  1,000  of 
the  estimated  population  was  1.92. 

Scarlet-fever. 
The  total  number  of  reported  deaths  from  scarlet- fever  in 
1891  was  114,  and  the  average  reported  weekly  mortality 
from  the  same  cause  was  2.     The  average  weekly  mortality 
as  reported  for  each  month  was  as  follows  :  — 


January, 

3 

July,       .         .        . 

1 

February, 

1 

August,  . 

2 

March,    . 

2 

September,     . 

2 

April, 

3 

October, 

1 

May, 

4 

November,     . 

2 

June, 

2 

December, 

.        3 

The  months  having  the  greatest  reported  mortality  from 
this  cause  were  April  and  May,  and  those  having  the  least 
were  February,  July  and  October. 

The  ratio  of  mortality  from  this  cause  to  the  total  mor- 
tality was  the  same  as  that  of  1889,  viz.,  4.6  per  1,000,  both 
being  much  lower  than  that  of  any  previous  year.  That  of 
1888*was  11.2,  of  1887,  14.4  and  of  1886,  8.7. 
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The  ratio  for  the  thirty  years  ending  1888  was  28.9  per 
1,000,  and  the  lowest  ratio  of  any  year  of  that  period  was  8.7. 
The  actual  number  of  deaths  from  this  cause  in  1872,  '73,  '74, 
'75  and  '76  were  1,377,  1,472,  1,382,  1,684  and  1,222. 

The  greatest  number  of  deaths  reported  from  this  cause 
in  any  one  week  was  7  in  the  week  ending  May  17,  and 
there  were  no  deaths  from  the  same  cause  in  the  weeks  end- 
ing February  22,  March  8,  April  19,  May  3,  July  19, 
August  30,  October  4,  November  22  and  December  20. 

The  ratio  to  the  estimated   reporting  population  was  .09 

per  1,000. 

Measles. 

The  total  number  of  deaths  reported  from  this  cause  in 
1890  was  45,  and  the  average  weekly  mortality  was  1. 

The  average  weekly  mortality  from  this  cause  as  reported 
for  each  month  was  as  follows  :  — 


January,    . 

.     - 

July,  .         .         .         . 

.     2 

February,  . 

.     - 

August, 

.     1 

March, 

.     1 

September, 

.     1 

April, 

.         .1 

October,     , 

.    - 

May,  . 

.     1 

'  November, 

.     1 

June, . 

.     2 

December, . 

.     2 

The  months  having  the  greatest  number  of  reported  deaths 
from  this  cause  were  June,  July,  November  and  December. 
There  were  no  deaths  reported  from  measles  in  February  and 
October. 

The  ratio  of  mortality  from  measles  to  the  total  mortality 
was  1.9  per  1,000  as  compared  with  3.6  per  1,000  in  1889 
and  2.8  in  1888.  The  ratio  to  the  estimated  reporting  pop- 
ulation was  .039  per  1,000. 

DiPHTHEIlIA    AND    CeOUP. 

The  total  number  of  deaths  reported  from  these  causes 
was  931,  and  'the  average  number  per  week  was  18.  The 
average  weekly  number  reported  in  each  month  was  as  fol- 
lows :  — 


January,  . 

.     35 

July, 

.     U 

February, 

.     27 

August,    . 

.       9 

March, 

.     17 

September, 

.     12 

April, 

.     21 

October,   . 

.     15 

May, 

.     20 

November, 

.     14 

June, 

.     15 

December, 

.      '■  .     18 
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The  greatest  number  of  reported  deaths  occurred  in  the 
months  of  January  and  February,  and  the  least  in  August 
and  September. 

The  greatest  number  of  reported  deaths  from  this  cause 
in  one  week  was  44,  in  the  week  ending  January  4,  and  the 
least  number  5,  in  the  week  ending  September  20. 

The  ratio  of  mortality  from  these  causes  to  the  total  mor- 
tality was  37.9  as  compared  with  56.9  in  1889,  53.6  in  1888 
and  41.2  in  1887.  'J  he  ratio  to  the  reporting  population 
was  .81  per  1,000. 

Whooping-cough,  Erysipelas,  Puerperal  Fever,  Mala- 
rial Fever  and  Small-pox. 

The  total  number  of  deaths  reported  from  these  causes  in 
1890  from  the  reporting  cities  and  towns  was  as  follows  :  — 


Total 
Deaths  re- 
ported. 

Weekly 
Average. 

Ratio  per 

1,000 

reported 

Deaths  from 

all  Causes. 

Ratio  per 

1,000 
of  the  Esti- 
mated 
Population. 

Whooping-cough,  .... 

175 

3.4 

7.1 

.15 

Erysipelas,     ..... 

55 

1.0 

2.2 

.05 

Puerperal  fever,     .... 

28 

0.5 

1.1 

.02 

Malarial  fever,       .... 

16 

0.3 

0.6 

.01 

Small-pox, 

1 

0.02 

0.01 

.0008 

The  reported  mortality  from  whooping-cough  was  less 
than  that  of  1889  and  greater  than  that  of  1888.  The 
reported  deaths  from  erysipelas  and  puerperal  fever  were  in 
each  instance  greater  than  those  of  1889,  but  less  than  those 
of  1888. 

The  reported  deaths  from  malarial  fever  were  greater 
in  number  than  those  of  either  1888  or  1889. 

There  was  but  one  reported  death  from  small-pox  in  1890. 


Mortality  of  Cities. 

The  following  tables  present  the  mortality-rates  of  cities 
for  each  week  during  the  year  1890,  eo  far  as  can  be  obtained 
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from  the  voluntary  reports  sent  to  the  office  of  the  State 
Board  of  Health  during  the  year. 

The  data  furnished  are  expressed  in  the  following  tables  as 
a  ratio  per  10,000  of  the  living  population,  the  calculation 
being  made  upon  the  population  of  the  United  States  Census 
of  1890. 

The  value  of  these  voluntary  returns  to  the  State  Board 
of  Health  is  yearly  increasing.  The  majority  of  the  cities 
send  them  punctually,  while  others  send  none.  These  reports 
have  proved  to  be  of  great  value  during  the  past  two  years 
in  tracing  the  history  and  progress  of  infectious  diseases  in 
different  cities  and  towns,  with  a  view  to  their  prevention  ; 
and  it  would  render  the  work  of  preventive  medicine  much 
more  efficient  if  the  co-operation  of  the  State  and  local 
boards  could  be  secured  in  this  direction  by  legal  enactment, 
at  least  so  far  as  concerns  the  cities  and  lar^e  towns. 
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1890. 

C 

1890. 

u 

Week 

ENDING  — 

C 

1 

u 

^ 

Week 

ENDING  — 

o 

t-l 

f 

B 

o 

o 

a 

o 

3 

Jan. 

4,      . 

40.37 

11.70 

22.81 

July 

5,      . 

16.94 

11.70 

26.84 

11,      . 

48.20 

15.40 

32.21 

12,     . 

22.50 

19.09 

27.51 

18,      . 

40.02 

25.25 

44.96 

19,      . 

25.40 

19.09 

37.57 

25,     . 

24.82 

14.78 

43.61 

26,     . 

21.34 

23.41 

35.56 

Feb. 

1,      . 

22.27 

20.94 

34.22 

Aug. 

2,      . 

32.94 

33.88 

34.22 

. 

8,     . 

19.60 

11.08 

19.40 

9,     . 

32.24 

16.63 

37.57 

15,      . 

22.27 

16.02 

27.51 

16,      . 

28.07 

20.94 

30.86 

22,      . 

23.32 

14.78 

17.44 

23,     . 

23.20 

18.48 

24.15 

March 

1,      ■ 

21.46 

15.40 

19.40 

30,      . 

23.78 

19.71 

28.18 

8,     . 

19.60 

19.71 

24.15 

Sept. 

6,      . 

22.15 

19.71 

26.16 

15,      . 

23.20 

19  .'71 

20.80 

13,     . 

22.50 

12.94 

25.49 

22,      . 

25.17 

16.02 

20.80 

20,      . 

19.50 

12.94 

30.86 

29,     . 

23.43 

19.09 

18.78 

27,      . 

19.14 

15.40 

20.80 

April 

5,      . 

19.60 

23.41 

20.13 

Oct. 

4,      . 

19.25 

9.85 

20.13 

12,      . 

20.07 

15.40 

21.47 

11,      . 

17.75 

9.85 

22.14 

19,      . 

20.76 

19.71 

28.86 

18,      . 

20.53 

8.62 

16.10 

26,      . 

24.24 

14.78 

24.16 

25,     . 

18.91 

14.78 

16.77 

May 

3,      . 

20.76 

9.85 

25.49 

Nov. 

1,      • 

20.65 

8.62 

22.14 

10,      . 

23.55 

14.17 

31.53 

8,     . 

20.18 

10.47 

16.10 

17,      . 

21.57 

18.48 

20.13 

16,     . 

18.33 

7.39 

22.14 

24,      . 

20.65 

9.85 

20.13 

22,     . 

19.84 

12.94 

20.80 

31,      . 

17.86 

10.47 

22.81 

29,     . 

18.44 

9.85 

25.49 

June 

7,      . 

17.98 

8.62 

18.78 

Dec. 

6,     . 

21.58 

15.40 

21.47 

14,      . 

20.30 

9.85 

13.42 

13,      . 

23.55 

14.78 

28.85 

21,     . 

19.25 

16.02 

21.47 

20,      . 

21.35 

12.32 

22.81 

28,      . 

16.24 

15.40 

20.13 

27,      . 

21.69 

19.71 

28.85 

Population  of  Boston, 

Total  deaths,    . 

Death-rate,  1890, 
Population  of  Worcester, 

Total  deaths,    . 

Death-rate,  1890, 
Population  of  Lowell, 

Total  deaths,    . 

Death-rate,  1890, 


448,477 
10,126 
22.58 
84,655 
1,495 
17.54 
77,696 
1,960 
25.23 
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Mortality -rates  of  Cities  —  Continued. 


1S90. 

c 

> 

1890. 

> 

to 

Week 

ENDING  — 

f^ 

a 

OS 

s 

^ 

Week 

ENDING  — 

iS 

1 

Jan. 

4,      . 

13.32 

28.30 

20.52 

July 

5,      . 

13.32 

11.92 

18.66 

11,      ■ 

26.64 

29.69 

28.08 

12,      . 

39.27 

21.60 

27.14 

18,      . 

30.86 

26.81 

27.14 

19,      . 

33.65 

24.68 

13.10 

25,      . 

35.76 

16.39 

20.52 

26,      . 

35.76 

17.88 

11.23 

Feb. 

1,      . 

18.23 

16.39 

12.17 

Aug. 

9 

33.65 

25.32 

21.46 

8,      . 

26.94 

22.35 

23.32 

9,      . 

32.25 

24.58 

26.17 

15,      . 

25.94 

14.89 

15.91 

16,      . 

28.05 

20.11 

28.08 

22,      . 

33.66 

6.70 

14.04 

23,      . 

23.14 

21.60 

21.46 

March    1,      . 

19.63 

11.17 

14.97 

30,      . 

25.94 

23.09 

16.91 

8,     . 

25.24 

12.66 

16.85 

Sept. 

6,      . 

16.82 

20.85 

13-10 

15,      . 

21.03 

17.88 

18.72 

13,      . 

22.43 

18.62 

20.52 

22,      . 

23.14 

13.41 

14.04 

20,      . 

27.34 

25.32 

16.85 

29,     . 

20.33 

16.39 

13.10 

27,      . 

22.43 

13.41 

14.04 

Ajjril 

5,      . 

16.13 

18.62 

20.52 

Oct. 

4,      . 

21.74 

12.  G6 

10.29 

12,      . 

22.43 

15.64 

12.17 

11,      . 

23.14 

12.66 

16.85 

19,      . 

17.53 

21.60 

16.85 

18,      . 

20.33 

14.89 

18.66 

26,      . 

23.14 

10.43 

13.10 

25,      . 

23.14 

11.92 

13.10 

May 

3,      . 

18.23 

16.39 

11.23 

Nov. 

1,      ■ 

21.74 

10.43 

17.78 

10,      . 

13.32 

13.41 

14.97 

8,      . 

21.03 

20.11 

23.32 

17,      . 

16.82 

20.86 

12.17 

16,     . 

18.93 

17.88 

21.46 

24,      . 

14.72 

17.88 

16.85 

22,      . 

14.72 

12.66 

14.04 

31,      . 

18.23 

12.66 

15.91 

29,      . 

16.82 

10.43 

16.85 

June 

7,      . 

17.53 

14.89 

21.46 

Dec. 

6,      . 

18.23 

14.15 

18.66 

14,      . 

16.82 

14.89 

15.91 

13,      . 

19.63 

15.64 

15.91 

21,      . 

11.92 

14.15 

8.42 

20,      . 

14.72 

17.88 

21.46 

28,      . 

19.63 

16.39 

4.68 

27,      . 

17.53 

13.41 

10.29 

Population  of  Fall  River, 

Total  deaths,   . 

Death-rate,  1890,  . 
Population  of  Cambridge, 

Total  deaths,    . 

Death-rate,  1890,  . 
Population  of  Lynn, 

Total  deaths,    . 

Death-rate,  1890,      . 


74,398 

1,705 

22.91 

70,028 

1,240 

17.70 

55,727 

984 

17.66 
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Mortality-rates 

of  Cities'- 

—  Continuecl 

• 

1890. 

i 

<c 

•a 
•a 

1890. 

i 

Week  ending  — 

^ 

■1 

fc 

Week 

ENDING  — 

% 

■f 

o. 

'A 

cc 

^ 

Jan.       4, 

25.61 

30.60 

20.44 

July 

5,      . 

33.76 

24.71 

16.69 

11, 

37.26 

18.83 

25.55 

12,      . 

34.93 

20.00 

25.65. 

18, 

37.26 

43.54 

30.66 

19,      . 

36.09 

12.94 

19.14 

25, 

52.56 

36.48 

25.55 

26,     . 

48.90 

22.36 

22.99 

Feb.       1, 

38.42 

29.42 

26.82 

Aug. 

2,      . 

34.93 

31.77 

29.36 

8, 

24.45 

18.83 

20.44 

9,     . 

33.76 

20.00 

28.08 

15, 

19.79 

14.12 

26.82 

16,      . 

18.63 

24.71 

31.91 

22, 

38.42 

18.83 

15.32 

23,     . 

33.76 

20.00 

26.82 

March    1, 

26.78 

18.83 

22.99 

30,      . 

16.30 

16.47 

25 .  65 

8, 

16.39 

15.30 

16.32 

Sept 

6,     . 

22.12 

15.30 

21.70 

15, 

25.61 

20.00 

16.59 

13,      . 

27.94 

23.54 

13.04 

22, 

25.61 

28.24 

20.44 

20,      . 

29.11 

15.30 

24.25 

29, 

33.76 

17.65 

20.44 

27,     . 

20.95 

16.47 

17.87 

April      5, 

27.94 

16.47 

24.25 

Oct. 

4,      . 

23.28 

10.59 

11.48 

12, 

15.13 

24.71 

17.87 

11,      . 

30.27 

16.47 

8.93 

19, 

16.30 

18.83 

24.25 

18,     . 

26.78 

16.47 

16.59 

26, 

27.94 

15.30 

16.59 

25,      . 

22.12 

12.94 

5.10 

May       3, 

11.64 

18.83 

24.25 

Nov. 

1,      • 

16.30 

17.66 

17.87 

10, 

20.95 

24.71 

21.70 

8,      . 

12.80 

11.77 

21.70 

17, 

22.12 

14.12 

24.25 

15,      . 

25.61 

18.83 

13.04 

24, 

10.47 

14.12 

26.82 

22,      . 

26.78 

12.94 

13.04 

81, 

18.63 

16.30 

12.76 

29,      . 

10.47 

16.47 

20.44 

June      7, 

24.45 

14.12 

12.76 

Dec. 

6„    . 

17.46 

22.36 

16.69 

14, 

22.12 

18.83 

16.59 

13,      . 

20.95 

17.65 

6.38 

21, 

9.31 

22.36 

13.04 

20,      . 

31.43 

20.00 

22.99 

28, 

15.13 

20.00 

19.14 

27,      . 

24.45 

9.41 

16.59 

Population  of  Lawrence, 

.     44,654 

Total  deaths,    . 

1,184 

Death-rate,  1890,      . 

26.51 

Population  of  Springfield, 

44,179 

Total  deaths,   . 

861 

Death-rate,  1890,      . 

19.49 

Population  of  New  Bedford, 

40,733 

Total  deaths,    . 

, 

839 

Death- 

r 

ite,  189 

0,     . 

. 

-  . 

2 

0.35 
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1890. 

a 

d 

1890. 

t« 

^ 

Week 

ENDIKG  — 

43 

o 

> 

Wekk 

ENDING  — 

Q 

> 

a 

Jan. 

4,      . 

27.00 

26.08 

26.55 

July 

5,      . 

30.38 

11.17 

20.86 

11,      . 

43.88 

20.49 

11.38 

12,      . 

25.32 

18.63 

17.07 

18,      . 

33.76 

35.39 

32.04 

19,      . 

15.19 

29.80 

32.04 

25,      . 

32.07 

20.49 

22.76 

26,      . 

20.25 

14.90 

13.27 

Feb. 

1,      ■ 

25.32 

20.49 

26.55 

Aug. 

2,      . 

45.57 

33.63 

26.55 

8,     . 

20.25 

16.76 

30.35 

9,      . 

48.97 

24.31 

28.42 

15,      . 

13.50 

16.76 

11.38 

16,      . 

33.76 

22.35 

13.27 

22,      . 

11.81 

29.80 

11.38 

23,      . 

35.44 

24.31 

26.66 

Marcl- 

I    1,      . 

15.19 

11.17 

17.07 

30,      . 

30.38 

40.98 

22.76 

8,      . 

16.88 

20.49 

13.27 

Sept. 

6,      . 

28.69 

14.90 

11.38 

15,      . 

23.63 

18.63 

11.38 

13,      . 

27.00 

18.63 

20.86 

22,      . 

11.81 

16.76 

11.38 

20,      . 

11.81 

18.63 

22.76 

29,      . 

20.25 

22.35 

22.76 

27,      . 

32.07 

16.76 

17.07 

April 

6,      . 

21.94 

24.31 

18.96 

Oct. 

4,      . 

21.94 

9.31 

37.93 

12,      . 

15.19 

.22.35 

30.36 

11,      . 

35.44 

18.63 

17.07 

19,      . 

11.81 

14.90 

13.27 

18,      . 

23.63 

13.04 

17.07 

26,      . 

21.94 

16.76 

7.58 

25,     . 

8.44 

20.49 

26.55 

May 

3,      . 

27.00 

22.35 

28.45 

Nov. 

1,      . 

18.66 

16.76 

15.17 

10,      . 

23.63 

18.63 

26.55 

8,      . 

20.25 

16.76 

17.07 

17,      . 

80.38 

22.35 

15.17 

15,      . 

23.63 

7.45 

16.17 

24,      . 

11.81 

11.17 

16.17 

22,      . 

13.50 

22.36 

3.79 

31,      . 

21.94 

18.63 

26.66 

29,      . 

18.66 

29.80 

7.68 

June 

7,      . 

15.19 

22^35 

17.07 

Dec. 

6,      . 

18.56 

20.49 

7.58 

14,      . 

25.32 

16.76 

13.27 

13,      . 

10.12 

13.04 

11.38 

21,      . 

13.50 

9.13 

17.07 

20,      . 

18.66 

14.90 

9.48 

28,      . 

15.19 

16.76 

7.68 

27,      . 

20.25 

16.76 

11.38 

Population  of  Salem, 

Total  deaths,    . 

Death-rate,  1890,  . 
Population  of  Chelsea,    . 

Total  deaths,    . 

Death-rate,  l.'<90,  . 
Population  of  Haverhill, 

Total  deaths,   . 

Death-rate,  1890,     . 


30,801 

714 

23.48 

27,909 

568 

20.35 

27,412 

518 

18.89 
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1890. 

a 
o 

s 

1890. 

a 

5 

1 

S 

Week 

ENDING  — 

Ja3 
p 

M 

s 

1 

Week 

ENDING  — 

c3 

3 
O 

5 

Jan. 

4,      . 

7.62 

20.43 

12.63 

July 

5,      . 

5.71 

10.21 

12.63 

11,      . 

30.48 

26.56 

16.84 

12,      . 

11.43 

10.21 

14.74 

18,     . 

7.62 

26.66 

21.06 

19,      . 

6.71 

16.34 

16.84 

25,      . 

20.95 

34.74 

18.95 

26,      . 

7.62 

36.78 

25.27 

Feb. 

1,      • 

15.24 

24.52 

8.42 

Aug. 

2,      . 

19.05 

40.87 

18.95 

8,      . 

9.62 

18.39 

10.53 

9,      . 

34.29 

26.56 

21.06 

15,     . 

24.76 

22.47 

8.42  i 

16,      . 

13.33 

44.95 

27.37 

22,      . 

7.62 

8.17 

8.42 

23,      . 

26.67 

18.39 

18.96 

Marcli 

L    1,      . 

11.43 

14.30 

14.74 

30,      . 

11.43 

18.39 

16.84 

8,     . 

9.62 

26.56 

10.63 

Sept. 

6,      . 

13.33 

10.21 

18.96 

15,      . 

26.67 

24.52 

8.42 

13,      . 

17.14 

10.21 

12.63 

22,      . 

5.71 

12.26 

8.42 

20,      . 

15.24 

18.39 

25.27 

29,      . 

15.24 

24.52 

6.31 

27,      . 

15.24 

24.52 

18.96 

April 

5,      . 

15.24 

8.17 

10.63 

Oct. 

4,      . 

15.24 

18.39 

10.63 

12,      . 

17.14 

30.65 

10.63 

11,      . 

9.52 

14.30 

23.16 

19,      . 

9.52 

14.30 

8.42 

18,      . 

16.24 

6.12 

6.31 

26,      . 

17.14 

16.34 

12.63 

25,      . 

9.52 

10.21 

8.42 

May 

3,     . 

7.62 

16.34 

10.63 

Nov. 

1,      . 

19.05 

4.08 

14.74 

10,      . 

13.33 

20.43 

10.63 

8,      . 

17.14 

14.30 

12.63 

17,     . 

15.24 

30.65 

10.63 

15,      . 

11.43 

8.17 

14.74 

24,      . 

17.14 

8.17 

12.63 

22,      . 

17.14 

6.12 

12.63 

31,      . 

20.96 

18.39 

16.84 

29,      . 

15.24 

14.30 

4.21 

June 

7,      . 

13.33 

16.34 

14.74 

Dec. 

6,     . 

11.43 

16.34 

8.42 

14,      . 

11.43 

14.30 

8.42 

13,      . 

11.43 

24.52 

8.42 

21,      . 

11.43 

8.17 

6.31 

20,      . 

11.43 

26.56 

6.31 

28,      . 

11.43 

8.17 

10.63 

27,     . 

17.14 

12.26 

6.31 

Population  of  Brockton, 

Total  deaths,   . 

Death-rate,  1890, 
Population  of  Taunton, 

Total  deaths,    . 

Death-rate,  1890, 
Population  of  Gloucester, 

Total  deaths,  . 

Death-rate,  1890, 


27,294 

444 

16.27 

25,446 

493 

19.38 

24,661 

424 

17.20 
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1890. 

Wkek  ending  — 

1890. 

Week  ending  — 

1 
I? 

3 

Jan. 

4,      . 

17.16 

18.06 

2.35 

July 

5,      . 

10.66 

18.06 

11.79 

11,      . 

40.53 

29.35 

16.51 

12,      . 

10.66 

11.28 

7.07 

18,      . 

21.32 

29.35 

37.73 

19,      . 

14.93 

13.54 

7.07 

25,      . 

38.39 

24.83 

21.23 

26,      . 

6.39 

6.77 

7.07 

Feb. 

1,      . 

8.53 

22.57 

23.69 

Aug. 

2,     . 

20.32 

18.06 

7.07 

8,      . 

12.79 

13.54 

14.15 

9,      . 

19.19 

40.64 

9.43 

15,      . 

6.39 

6.77 

9.43 

16,      . 

20.32 

15.80 

23.59 

22,      . 

12.79 

13.54 

23.69 

23,      . 

6.39 

16.80 

7.07 

March 

1,      . 

17.16 

31.60 

18.87 

30,      . 

26.69 

9.03 

9.43 

8,      . 

12.79 

11.28 

18.87 

Sept. 

6,      . 

12.79 

20.32 

11.79 

15,      . 

8.53 

9.03 

9.43 

13,  .  . 

20.32 

9.03 

21.23 

22,      . 

8.63 

11.28 

4.71 

20,      . 

8.53 

20.32 

21.23 

29,      . 

8.53 

11.28 

18.87 

27,      . 

17.16 

16.80 

16.51 

April 

5,      . 

10.66 

24.83 

16.51 

Oct. 

4,      . 

8.53 

15.80 

21.23 

12,      . 

14.93 

20.32 

11.79 

11,      . 

8.53 

13.54 

21.23 

19,      . 

12.79 

15.80 

18.87 

18,      . 

17.16 

11.28 

11.79 

26,      . 

19.19 

6.77 

9.43 

25,      . 

14.93 

11.28 

9.43 

May 

3,      . 

8.53 

13.54 

11.79 

Nov. 

1,      . 

4.26 

13.54 

16.51 

10,      . 

14.93 

15.80 

18.87 

8,      . 

21.32 

9.03 

21.23 

17,      . 

12.79 

18.06 

23.59 

16,      . 

10.66 

13.54 

11.79 

24,      . 

19.19 

18.06 

11.79 

22,     . 

2.13 

11.28 

9.43 

31,      . 

0.00 

2.25 

9.43 

29,      . 

10.66 

4.61 

21.23 

June 

7,      . 

4.26 

11.28 

11.79 

Dec. 

6,      . 

14.93 

13.64 

16.61 

14,      . 

14.93 

18.06 

11.79 

13,      . 

8.53 

9.03 

7.07 

21,      . 

8.53 

11.28 

11.79 

20,      . 

23.46 

18.06 

11.79 

28,      . 

6.39 

24.83 

7.07 

27,      . 

12.79 

15.80 

21.23 

Population  of  Nevvton,  . 

Total  deaths,    . 

Death-rate,  1890,  . 
Population  of  Maiden,    . 

Total  deaths,    . 

Death-rate,  1890,  . 
Population  of  Fitchburg, 

Total  deaths,    . 

Death-rate,  1890,      . 


24,379 

333 

13.66 

23,031 

869 

16.02 

22,037 

323 

14.65 
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1890, 

S 

•d 

o 

1S90. 

i 

■d 

o 
c 

Week  ending— 

1 

IC 

c 

3 

Week  ending  —       £ 

as 
.2 

c 
'3 
O" 

a 

Jan. 

4,     . 

25.01 

21.06 

18.65 

26,09 

July      5 

.      2.77 

9.02 

12.44 

18.64 

11,     . 

36.12 

18.05 

18.65 

22.36 

12 

.       5.55 

9.02 

15.45 

26.09 

m,   . 

8.33 

12.03 

27.98 

48,46 

19 

.      11.11 

6.01 

.6.21 

14.91 

25,     . 

13.89 

15.04 

15.54 

29.82 

26 

.     27.79 

6,01 

27.98 

14.91 

Feb. 

I,    • 

13.89 

18.05 

21.76 

33.55 

Aug.      2 

.      11. U 

18.05 

43.52 

41.00 

8,     . 

8.33 

12.03 

21.76 

29,82 

9 

.     25.01 

15.04 

40.41 

33.55 

15,    . 

11.11 

18.05 

34.19 

29.62 

16 

,     27.79 

18.05 

18.65 

33.55 

22,    . 

8.33 

9.02 

- 

33.55 

23 

.     27.79 

15.04 

59.07 

33,55 

March    i,     . 

30.56 

12.03 

- 

18.64 

30 

.     13.89 

36.10 

18.65 

18.64 

8,    , 

16.67 

9.02 

9.32 

26.09 

Sept.      6 

.     25.01 

30.09 

43.52 

26.09 

15,     . 

13.89 

2L06 

15.45 

- 

13 

.       8.33 

6.01 

21.76 

41.00 

22,    .. 

16.67 

2L06 

9,32 

14,91 

20 

,     13.89 

15.04 

27.98 

26.09 

^,     . 

2.77 

12.03 

15.45 

22.36 

27 

.      13.89 

15.04 

24,87 

14.91 

April 

5,    . 

16.67 

9.02 

12,44 

18.64 

Oct.        4 

.     13.89 

6,01 

6.21 

18.64 

\%     . 

13.89 

3.00 

15.45 

18.64 

11 

.       5,55 

18.05 

12.44 

22.36 

19,     . 

13.89 

9.02 

6.21 

29,82 

18 

.     11.11 

6,01 

18.65 

18  64 

26,     . 

13.89 

9.02 

24.87 

18.64 

25 

,     16  67 

12.03 

12.44 

7,45 

May 

3,     . 

19.45 

21.06 

34,19 

14.91 

Nov.       1 

.     13.89 

15.04 

6.21 

26.09 

10,    . 

2,77 

6.01 

34,19 

18,64 

8 

,     11,11 

12.03 

12.44 

7.45 

17,    .  : 

8.33 

12,03 ; 

18.65 

3.72 

15 

.     19  45 

18.05 

15,45 

- 

24,     . 

19.45 

15.04 ' 

21.76 

11.18 

22 

22.23 

9.02 

12.44 

22,36 

31,     . 

16.67 

3,00 

9.32 

18.64 

29 

.     16.67 

24.07 

31.09 

11.18 

June 

7,    . 

8.33 

9,02 

6.21 

14.91 

Dec.      6 

,       8.33 

6.01 

12.44 

29.82 

14,    . 

6.55 

9.02 

12.44 

18.64 

13 

.     11.11 

15.04 

6.21 

29.82 

21,     . 

U.U 

6.01 

15.45 

14.91 

20 

,     19.45 

24.07 

27,98 

18.64 

2«,     . 

8  33 

6.01 

18.65 

7.45 

27 

.       8.33 

21,06 

6.21 

11.18 

Population  of  V/allliara, ,        ,  18,707 

Total  deaths,         ..,,,.,,...  284 

Death-rate,  1890 15.18 

Population  of  PLttsfield. 17,281 

Total  deaths, 345 

Death-rate,  1890 19,97 

Population  of  Quincy, 16,723 

Total  deaths,         .        .        .        , 355 

Death -rate,  1890,  .        ,        , ,,,  21.23 

Population  of  Newburypoit, 13,947 

Total  deaths, 320 

Death-rate,  1890,  .       ,        .        , 22.94 
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Bt  H.  p.  BOWDITCH,  M.D., 

PROFESSOR  OF  PHTSIOLOGT,  HARTARD   MEDICAL   SCHOOL. 


THE  GEOWTH  OF  CHILDEEN, 


STUDIED    BY 


GALTON'S   METHOD   OF  PERCENTILE   GRADES, 
By  H.  p.  Bowditch,  M.D., 

Professor  of  Physiology,  Harvard  Medical  School. 


In  the  last  report  of  the  Massachusetts  State  Board  of 
Health  the  advantages  of  discussing  statistical  data  by  Gal- 
ton's  method  *  of  percentile  grades  were  explained  and  illus- 
trated in  a  paper  entitled  "  The  Physique  of  Women  in 
Massachusetts."  The  value  of  the  method  in  anthropomet- 
rical  work  seemed  so  obvious  that  it  has  been  thought  desir- 
able to  apply  it  to  the  large  body  of  observations  on  the 
height  and  weight  of  Boston  school  children  which  formed 
the  basis  of  an  article  on  "The  Growth  of  Children,"  pub- 
lished by  the  Board  of  Health  in  1877. 

In  this  article,  at  the  suggestion  of  Mr.  Charles  Roberts, 
tables  were  given  showing  the  distribution  of  the  observa- 
tions ;  i.e.,  the  number  of  individuals  at  each  age  whose 
height  was  recorded  at  each  successive  inch  or  whose  weight 
fell  within  successive  groups  of  four  pounds  each.  From 
these  tables  (tables  4  to  15  of  the  above-mentioned  article) 
it  was  easy  to  calculate  the  values  at  the  various  percentile 
grades.  For  example,  it  appears  from  Table  4  that  the 
heights  of  848  boys  between  five  and  six  years  old  were 
distributed  as  shown  in  the  following  table  :  — 

*■  See  "  Galton,  Natural  Inheritance,"  London,  McMillan  &  Co.,  1SS9, 
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Distribution  of  Observations  on  Heights  of  Boston  School-boys.    Age  at 
Last  Birthday  Five  Years. 


Inches. 

Number  of 
observations. 

Inches. 

Number  of 
observations. 

Inches. 

Number  of 
observations. 

47 

4 

41 

190 

35 

1 

46 

8 

40 

4 

149 

34 

- 

45 

20 

39 

79 

33 

- 

44 

62 

38 

42 

32 

- 

43 

119 

37 

17 

31 

- 

42 

149 

36 

7 

30 

1 

Total  number  of  observations, 


In  this  table  it  will  be  seen  that  five  percent.,  for  instance, 
of  the  total  number  of  observations  is  42.4.  Now  since  the 
observations  corresponding  to  each  successive  inch  include 
all  the  measurements  between  that  inch  and  the  next  inch 
above,  it  is  evident  that  there  are  l-{-l+7+17  =  26  individ- 
uals less  than  38  inches  in  height  and  1  +  1  +  7  +  17  +  42:=  68 
individuals  less  than  39  inches  in  height.  Since,  therefore, 
42.4  lies  between  26  and  68  it  follows  that  the  height  below 
which  five  per  cent,  of  the  observations  fall  must  be  between 
38  and  39  inches.  The  exact  height  can  readily  be  calcu- 
lated by  interpolation.  Thus  the  fraction  of  an  inch  to  be 
added  to  38  to  give  the  required  height  is  obtained  by  dividing 
16.4  {i.e..,  42.4  —  26)  by  42  {i.e.,  the  number  of  observa- 
tions between  38  and  39  inches).  This  fraction  is  0.39,  and, 
therefore,  38.39  inches  is  the  height  below  which  five  per 
cent,  and  above  which  ninety-five  per  cent,  of  the  observa- 
tions fall ;  i.e.,  it  is  the  value  of  the  five  per  cent,  grade. 

In  this  way  tables  1  to  12  have  been  calculated  from  tables 
4  to  15  inclusive  of  the  original  article.  These  tables  show 
the  heights  and  weights  of  Boston  school  children  of  both 
sexes  and  various  ages  at  percentile  grades  varying  from  five 
per  cent,  to  ninety-five  per  cent.  Separate  tables  are,  more- 
over, given  for  children  of  American  parentage,  Irish  parent- 
age, and  for  the  whole  number  of  observations  irrespective  of 
nationality.  The  values  are  given  in  both  the  English  and 
the  metric  system  of  weights  and  measures,  and  in  the  last 
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column  of  each  table  are  to  be  found  the  average  heights 
and  weights  of  children  of  each  age  as  given  in  the  original 
article. 

The  conclusions  which  maybe  drawn  from  a  study  of  these 
tables  will  be  best  understood  after  an  examination  of  the 
curves  which  have  been  constructed  from  them,  and  as  a 
preliminary  to  this  study  it  will  be  well  to  consider  briefly 
the  general  character  of  curves  representing  values  at  various 
percentile  grades. 
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A  geometrical  construction  of  a  special  case  will  perhaps 
best  serve  to  place  the  matter  in  a  clear  light.  Let  us  sup- 
pose one  thousand  grown  men  standing  in  line  arranged 
according  to  height.  The  heads  of  these  men  will  form  a 
curved  line  represented  in  its  general  form  by  the  curve  ST 
in  Fig  1.    In  this  diagram  the  line  SO  represents  the  height 


Fig.  1. 


5%  10'/        2Qt       10}      4.0%      50%      60%      70%       80%      90%  95%  Q' 


of  the  shortest  and  the  line  TO^  that  of  the  tallest  man.  The 
curve  ST,  representing  the  heights  of  the  intermediate  men, 
is  approximately  a  straight  line  in  a  large  part  of  its  course 
but  bends  up  sharply  at  the  right  and  down  sharply  at  the 
left  owing  to  the  presence  of  a  few  very  tall  and  a  few  very 
short  men.  Mediocrity  is  the  rule  and  extremes  the  excep- 
tion in  height  as  in  everything  else. 

If  now  we  divide  this  row  of  men  into  two  equal  parts 
and  ascertain  the  height  of  the  five  hundredth  man  in  the 
TOW  (or,  more  accurately  speaking,  the  height  half  way 
'between  that  of  the  five  hundredth  and  that  of  the  five 
hundred  and  first  man)  we  shall  have  a  value  below  which 
one  half  and  above  which  the  other  half  of  the  observations 
lie.  This  value  is  termed  by  Galton  the  value  of  the  fifty 
percentile  grade,  or  the  median  value,  and  is  designated  by 
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the  letter  M.  In  the  same  way  the  values  at  other  percen- 
tile grades  may  be  determined  by  dividing  the  row  at  points 
corresponding  to  various  percentages  of  the  total  number  of 
observations.  The  percentile  grades  indicated  in  Fig.  1  are 
those  adopted  by  Galton,  and  are  practically  sufficient  to 
indicate  the  character  of  the  curve.  With  a  very  large 
number  of  observations  it  would  of  course  be  possible  to 
determine  values  below  five  per  cent,  and  above  ninety-five 
percent.,  but  in  anthropometrical  investigations  with  existing 
data  it  does  not  seem  wise  to  go  beyond  these  limits. 

It  is  evident  that  the  value  M  will  tend  to  approximate  to 
the  average  value  of  all  the  observations  and  will  be  identical 
with  it  when  the  curve  ST  is  symmetrically  disposed  on  both 
sides  of  M,  i.e.,  when  the  values  at  sixty,  seventy,  eighty, 
ninety  and  ninety-five  per  cent,  exceed  M  by  the  same  amount, 
respectively,  by  which  the  values  at  forty,  thirty,  twenty, 
ten  and  five  per  cent,  fall  short  of  it.  If  A  represent  the 
average  value  of  all  the  observations,  then  the  value  of  M — A 
will  be  a  measure  of  the  direction  and  extent  of  the  asym- 
metry of  the  curve  ST,  for  this  value  loill  be  zero  ivheii  the 
curve  is  symmetrical,  positive  when  the  values  at  the  lower 
percentile  grades  fall  short  of  M  moreMlian  those  at  the  higher 
grades  exceed  it,  and  negative  when  the  reverse  is  the  case. 

Let  us  now  apply  this  test  to  the  data  in  our  possession, 
confining  our  attention  for  the  present  to  tables  1,  4,  7  and 
10,  which  give  the  total  number  of  observations  irrespective 
of  nationality.  By  subtracting  the  average  from  the  median 
values  in  these  four  tables  the  following  table  (No.  12a)  has 
been  constructed  :  — 


Table  12a.  —  Values  of  M—A. 


Age  at  Last  Birthday. 


Five,    . 

Six,      . 

Seven, . 

Eight,  . 

Nine,   . 

Ten,     . 

Eleven, 

Twelve, 

Thirteen, 

Fourteen, 

Fifteen, 

Sixteen, 

Seventeen, 

Eighteen, 


Hkights  in  Inches. 


Boys. 


—0.10 

--0.12 

-0.09 

-O.OS 

-0.08 

--0.05 

-0.07 

0.00 

—0.23 

— 0.2S 

-1-0.07 

-fO.35 

4-0.05 

-j-0.13 


Girls. 


-1-0.14 
-j-0.0.5 
4-0.11 
4-0.07 
+0.17 
-j-0.12 
—0.01 

0.00 

+0.24 
--0.26 
--0.11 
--0.19 
--0.26 
—0.10 


Weights  in  Podnds. 


Boys. 


—0.13 

—0.03 

—0.15 

—0.17 

—0.17 

—0.16 

—0.35 

—0.59 

—0.28 

—0.45 

—0.12 

—0.95 

—0.44 

—1.22 

—1.13 

—1.23 

—1.94 

—0.63 

—1.88 

-0.(58 

-1.10 

—0.97 

+0.37 

—0.76 

—0.92 

—2.77 

-0.84 

—2.52 
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An  examination  of  this  table  or  of  the  curves  constructed 
from  it,  as  given  in  Plate  1,  shows  that  the  asymmetry  of 


PLATE  I. 

HEIGHTS  OF  BOSTON  SCHOOL  CHILDREN 
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the  curves  of  percentile  grades  varies  very  much,  at  different 
ages,  both  in  direction  and  amount.  The  variation  in  the 
value  of  M — A  in  the  curves  of  height  is  much  the  same  as 
that  in  the  curves  of  weight  for  each  sex  considered  by  itself, 
but  there  is  a  great  difference  between  the  two  sexes.  This 
difference  shows  itself  most  distinctly  between  the  ages  of 
eleven  and  fifteen  years.  During  this  time  a  rise  in  the 
curves  for  the  males  coincides  with  a  fall  in  those  for  the 
females,  while  before  and  after  this  period  the  curves,  as  a 
rule,  rise  and  fall  together.  We  must  conclude,  therefore, 
that  the  rate  of  annual  increase  both  in  height  and  weight  is 
different  at  different  percentile  grades,  or,  in  other  words, 
that  large  children  grow  differently  from  small  ones,  and 
moreover,  that  between  the  ages  of  eleven  and  fifteen  years 
there  is  a  striking  difference  in  the  mode  of  growth  of  the 
two  sexes.  The  significance  of  this  conclusion  will  be  made 
clearer  by  an  examination  of  the  curves  constructed  directly 
from  the  tables  of  percentile  grades.  Curves  of  this  sort  are 
presented  in  plates  2,  3,  4  and  5,  constructed  from  tables  1, 
4,  7  and  10,  containing  the  total  number.of  observations  irre- 
spective of  nationality.  Similar  curves  have  been  obtained 
from  the  remaining  tables  in  which>*  the  observations  are 
grouped  according  to  the  nationality  of  the  parents,  but  as 
they  are  less  regular,  owing  to  the  smaller  number  of  obser- 
vations from  which  they  are  constructed,  and  lead  to  no 
additional  conclusions,  it  has  not  been  thought  worth  while 
to  present  them. 

A  glance  at  the  curves  on  plates  2-5  shows  at  once  the 
nature  of  the  asymmetry,  the  existence  of  which  is  indicated 
by  the  curves  on  Plate  1.  It  will  be  observed  that  during  the 
earlier  years  of  school  life  the  curves  for  the  successive  years 
are  fairly  symmetrical,  which  is  in  harmony  with  the  previous 
observation  that  in  these  years  the  value  of  M — A  does  not 
differ  widely  from  zero.  At  about  ten  years  of  age  in  girls 
and  eleven  or  twelve  years  in  boys,  the  curves  become  dis- 
tinctly asymmetrical,  owing  to  the  values  increasing  more 
rapidly  at  the  higher  than  at  the  lower  percentile  grades. 
At  the  age  of  twelve  or  thirteen  years  in  girls  and  fourteen 
or  fifteen  years  in  boys  an  asymmetry  in  the  opposite  direc- 
tion shows  itself,  since  at  this  period  the  values  are  increasing 
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PLATE  2.  (from  table  r.) 

HEIGHTS  OF  BOSTON  SCHOOLBOYS. 
IRRESPECTIVE  OF  NATIONALITY. 
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PLATE  3. (from  table  4-.) 
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PLATE  4.  (from  table  7  > 

HEIGHTS    OF  BOSTON  SCHOOLGIRLS. 
IRRESPECTIVE  OF  NATIONALITY. 
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PLATE    5.  CpRO"^  TABLE   10.) 
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more  rapidly  at  the  lower  than  at  the  higher  percentile  grades. 
These  changes  correspond  accurately  with  the  fall  and  rise  in 
the  value  of  M — A,  as  shown  on  Plate  1. 

In  the  original  article  on  the  growth  of  children  it  was 
shown  that  about  two  years  before  the  age  of  puberty  there 
is  a  period  during  which  the  growth  in  both  height  and 
weight  shows  a  distinct  acceleration.  Now,  the  rate  of  growth 
at  the  various  percentile  grades  is  represented  on  plates  2-5 
by  the  vertical  distances  between  the  curves  corresponding  to 
the  successive  years  ;  and  an  inspection  of  these  curves  shows 
that  the  prepubertal  period  of  accelerated  growth,  already 
shown  to  exist  by  a  comparison  of  average  heights  and 
weights  at  different  ages,  occurs  all  along  the  line,  but  that 
it  occurs  earlier  at  the  higher  than  at  the  lower  percentile 
grades.  In  other  words,  we  find  that  the  above-mentioned 
variations  in  the  value  of  M — A  are  due  to  the  fact  that  the 
period  of  acceleration,  which  is  such  a  distinct  pJienomenon 
in  the  growth  of  childi^en,  occurs  at  an  earlier  age  in  large 
than  in  small  children. 

The  sio-nificance  of  this  observation  will  be  best  understood 
by  an  examination  of  the  annual  increase  in  height  and 
weight  of  children  at  the  different  percentile  grades.  These 
values,  which  are  readily  obtained  from  the  preceding  tables 
by  subtracting  the  height  or  weight  at  any  year  from  that  of 
the  year  next  following,  are  shown  in  tables  13,  14,  15  and 
16,  which  have  been  calculated  from  tables  1,  4,  7  and  10 
respectively.* 


*  It  will  be  noticed  that  in  tables  1, 4,  7  and  10  the  ages  are  given  "  at  the  last  birth- 
day." Hence  the  average  age  of  the  children  thus  grouped  together  will  be  six  months 
greater  than  the  age  given  in  the  tables.  For  instance,  in  Table  1,  five  years  six 
months  is  the  average  age  of  the  848  boys  whose  heights  at  various  percentile  grades 
are  given  in  the  first  line.  Now  since  the  figures  in  the  tables  of  annual  increase  are 
the  differences  between  the  successive  heights  and  weights  in  tables  1,  4,  7  and  10,  it 
is  evident  that  they  express  the  yearly  growth  precisely  at  the  age  given  in  the  tables. 
The  first  line  in  Table  13,  for  instance,  is  the  annual  growth  in  height  of  boys  of  six 
years  of  age. 
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The  conclusions  to  be  drawn  from  these  tables  will  be  most 
readily  understood  by  an  examination  of  the  curves  on  plates 
6  and  7,   which   have  been  constructed  from  them,   the   curves 
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representing  the  yearly  growth  of  the  two  sexes- being,  for  easier 
comparison,  plotted  on  the  same  system  of  co-ordinates. 


PLATE   7  (FPOM  TABLES  14- &  16)  BOYS —"GIRLS 

ANNUAL  INCREASE  IN  POUNDS. 

gYRS        yVRS      QYRS      9YRS      IQYRS      |  jYRS.     J2YRS.    J3YRS       I4YR5     I5YRS    \^'f^^-    [y^S,. 
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The  followinor  are  the  most  obvious  conclusions  :  — 

1.  The  maximum  yearly  growth  in  both  height  and  weight 
is  at  all  percentile  grades  greater  in  boys  than  in  girls,  and 
occurs  in  boys  two  or  three  years  later  than  in  girls. 

2.  The  age  at  which  this  maximum  yearly  growth  in 
height  and  weight  is  reached  is,  in  both  sexes,  earlier  at  the 
higher  than  at  the  lower  percentile  grades,  the  range  being 
from  twelve  to  fourteen  years  for  girls  and  from  fourteen  to 
sixteen  years  for  boys.  In  other  words,  large  children  make 
their  most  rapid  growth  at  an  earlier  age  than  small  ones. 

3.  The  curves  representing  the  annual  growth  of  boys 
are  characterized  on  either  side  of  the  maximum  by  a  steeper 
rise  and  fall  in  the  lower  than  in  the  higher  percentile  grades, 
though  the  maximum  itself  may  be  quite  as  high  in  the  former 
as  in  the  latter  grades.  This  indicates  that  the  above-men- 
tioned period  of  accelerated  growth  in  large  boys  differs 
from  that  in  small  boys  rather  in  duration  than  in  intensity. 
In  girls  a  difference  of  this  sort  does  not  seem  to  exist. 

4.  In  boys  at  eleven  years  of  age  there  is  a  period  of 
remarkably  slow  growth  both  in  height  and  weight,  the  curves 
of  annual  increase  in  nearly  all  the  percentile  grades  reach- 
ing at  this  age  a  lower  point  than  for  several  years  preceding 
or  subsequent  to  this  age.  In  girls  a  similar  but  less  marked 
period  of  retarded  growth  in  height  is  to  be  noticed  at  nine 
years  of  age,  but  the  rate  of  growth  in  weight  does  not  seem 
to  suffer  a  corresponding  diminution.* 

One  of  the  conclusions  reached  in  the  original  article  to 
which  reference  has  been  made  was  that  "  at  about  thirteen 
or  fourteen  years  girls  in  this  community  are,  during  more 
than  two  years,  both  taller  and  heavier  than  boys  at  the  same 
age,  though  before  and  after  that  period  the  reverse  is  the 


*  It  is  interesting,  however,  to  notice  that  in  the  curves  constructed  Tiy  Dr. 
Stevenson  (See  "  Lancet,"  Sept.  22,  1888)  from  English  and  American  statistics,  and 
representing  the  annual  increase  in  weight  of  "  hoys  and  girls  of  the  English-speaking 
races,"  the  period  of  retarded  growth  is  a  marked  phenomenon  in  both  sexes,  occur- 
ring in  boys  at  eleven  and  in  girls  at  nine  years  of  age. 

See  also  "  Axel  Key,  Die.  Pubertlitsentwickelung."  (Verhandlungen  des  X  inter- 
nationalen  mediclnschen  Congresses,  Berlin,  1890.  Bd.  L,  p.  67)  This  ol)scrver 
finds  that  in  Sweden  the  period  of  least  increase  in  height  and  weight  occurs  at  ten 
years  for  boys  and  nine  years  for  girls. 
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case."  The  dependence  of  this  phenomenon  upon  the  fact 
that  the  prepubertal  period  of  accelerated  growth  occurs 
earlier  in  girls  than  in  boys  was  also  pointed  out.  It  will  be 
interesting  now  to  inquire  in  what  way  this  period  of  female 
superiority  is  affected  by  the  fact  that  the  maximum  rate  of 
growth  is  reached  earlier  in  the  higher  than  in  the  lower 
percentile  grades.  The  influence  of  this  circumstance  is 
readily  understood  from  an  inspection  of  the  curves  on 
plates  8  and  9,  which  have  been  constructed  from  the  fig- 
ures on  plates  1,  4,  7  and  10.  Here  the  absolute  heights  and 
weights  of  boys  and  girls  of  the  same  percentile  grade  are 
plotted  on  the  same  system  of  co-ordinates,  while  the  ordi- 
nates  for  the  successive  percentile  grades  differ  from  each 
other  by  five  inches  or  twenty-five  pounds  respectively. 

In  this  way  the  curves  are  brought  vertically  over  one 
another  and  a  comparison  between  them  is  facilitated.  The 
points  where  the  curves  of  growth  of  the  two  sexes  intersect 
each  other  are  joined  by  dotted  lines,  in  order  that  the 
periods  of  female  superiority  at  the  various  percentile  grades 
may  be  readily  compared  with  each  other.  A  glance  at  the 
curves  suffices  to  show  that  the  period  of  female  superiority 
is  to  be  observed  at  all  percentile  grades  both  in  height  and 
weight,  and,  moreover,  that  it  both  begins  and  ends  earlier  in 
the  higher  than  in  the  lower  percentile  grades.  Thus,  in  the 
ninety-five  percentile  grade,  girls  begin  to  exceed  boys  in 
height  at  the  age  of  ten  years  four  months  and  are  in  turn 
surpassed  by  them  at  thirteen  years,  while  in  the  five  per- 
centile grade  girls  do  not  surpass  boys  in  height  till  they 
are  eleven  years  five  months  old  and  boys  do  not  regain 
their  superiority  till  they  are  fifteen  years  four  months  of 
age.  It  will  be  also  noticed  that  the  duration  of  the  period 
of  female  superiority  varies  quite  regularly  with  the  percen- 
tile grade,  but  that  the  variations  in  height  and  weight  are 
in  opposite  directions.  This  is  indicated  by  the  fact  that 
the  above-mentioned  dotted  lines  converge  upward  in  the 
curves  of  height  and  downward  in  those  of  weight.  In 
other  words,  we  may  say  that,  when  growing  children  of 
both  sexes  are  compared  together  by  corresponding  percen- 
tile grades,  the  period  of  female  superiority  in  height  is  less 
conspicuous  in  tall  than  in  short  children,  while  the  period 
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PLATE   8.  (prom  TABLES  I  a  z)  BOYS GIRLS 

«' HEIGHTS  OF   BOSTON  SCHOOL  CHILDREN. 
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PLATE     9     (FROM  TABLES  4  &  10.)     BOYS  " 

WEIGHTS    OF  BOSTON   SCHOOLCHILDREN 

25YR5      6YR5      7YRS.    5YRS.    QYRS     IQYRS.   ||YR5.    12'^RS.    I3YRS.  14.YRS.   jfYRS.    I5YRS.  I/YRS 
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of  female  superiority  in  weight  is  a  more  marked  phenome- 
non in  heavy  than  in  light  children. 

Among  the  advantages  of  this  method  of  discussing  anthro- 
pometrical  results  may  be  mentioned  the  facility  which  it 
affords  for  comparing  the  rates  of  growth  of  children  of 
different. nationalities  by  determining  the  percentile  rank 
of  the  average  children  of  one  nationality  referred  to  those 
of  another  nationality  as  a  standard.  We  may  take,  for 
instance,  the  observations  of  Pagliani*  on  Italian  children, 
and  those  of  Erismannf  on  the  employees  in  Russian  fac- 
tories, and  calculate  the  percentile  rank  of  the  children  at 
successive  ages  when  referred  to  Boston  children  as  a 
standard.  The  result  of  this  calculation  is  given  in  the 
following  table  :  — 


Table  17.  —  Showing  the  Percentile  Rank  of  Italian  and  Russian  Chil- 
dren compared  with  those  of  the  Boston  Public  Schools. 


Age  at  Last  Birthday. 


Five, 

Six, 

Seven,   . 

Eight,    . 

Nine, 

Ten, 

Eleven, 

Twelve, 

Thirteen, 

Fourteen, 

Fifteen, 

Sixteen, 

Seventeen, 

Eighteen, 


Percentile  Eank. 


Italian  (Pagliani). 


Boys. 


below  5 
5.6 
22.1 
26.5 
31.4 
20.0 
16.4 
16.1 
21.7 
21.2 
23.7 
16.2 
13.1 
6.6 


Girls. 


below  5 
below  5 
9.2 
15.8 
29.1 
28. 0 
25.5 
24.1 
23.7 
30.0 
29.5 
.32.4 
32.2 
34.3 


Russian  (Erismann). 


Boys. 


75.9 

80.7 

56.6 

63.4 

48.9 

76.4 

40.6 

51.9 

42.5 

48.8 

36.6 

39.0 

28.7 

26.9 

26.5 

22.8 

29.1 

21.4 

17.7 

23.4 

18.6 

22.0 

15.0 

23.6 

An  examination  of  this  table  shows  that  Italian  children  of 
both  sexes  are,  in  early  life,  very  much  smaller  than  Boston 


*  Lo  Sviluppo  Umano,  p.  37. 

t  Untersuchungen  tiber  die  kflrperliche  Entwickelung  der  Fiibrikarbeiter  in  Zen- 
tralriissland,  Tubingen,  1889.  A  very  thorough  investigation  based  upon  measure- 
ments of  over  100,000  individuals. 
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children  of  the  same  age,  and,  though  they  afterwards  increase 
in  relative  size,  they  never  reach  a  higher  percentile  than  31.4 
for  boys  and  32.4  for  girls. 

The  Eussian  children  show  in  general,  with  increasing  age, 
a  progressive  diminution  in  percentile  rank  which  is  probably 
to  be  accounted  for  by  the  fact  that  during  the  earlier  period 
of  life  only  children  who  are  unusually  well  developed 
physically  are  likely  to  find  their  way  into  manufactories. 
The  children  from  seven  to  twelve  years  of  age  are  therefore 
to  some  extent  selected  cases  and  do  not  represent  the  aver- 
age development  of  the  working  population. 

It  will  be  noticed  that  throughout  this  article  it  has  been 
assumed  that  the  changes  from  year  to  year  in  the  values  of 
the  height  and  weight  at  the  various  percentile  grades  repre- 
sent the  rate  of  growth  of  large,  small  and  medium-sized 
children  respectively.  This  assumption  may  be  criticized  on 
the  ground  that  the  values  at  the  various  percentile  grades 
do  not  represent  the  average  measurements  of  particular 
groups  of  growing  children  but  are  merely  limiting  values, 
on  either  side  of  which  lie  certain  percentages  of  the  total 
number  of  observations  on  children  of  a  certain  age.  To 
determine  how  much  importance  is  to  be  attached  to  this 
objection  it  will  be  necessary  to  inquire  within  what  limits 
the  percentile  rank  of  a  growing  child  may  under  normal 
circumstances  vary  from  year  to  year,  for  it  is  obvious  that 
if  growing  children  remain  practically  in  the  same  percentile 
-grade  during  the  whole  period  of  adolescence  a  comparison 
of  the  values  at  the  various  percentile  grades  in  successive 
years  will,  to  all  intents  and  purposes,  show  the  annual 
increase  in  height  and  weight  of  groups  of  children  belonging 
in  and  about  those  percentile  grades,  i.e.,  it  will  really  give 
us  the  rate  of  growth  of  large,  small  and  medium-sized 
children.  Now  it  is  evident  that  a  close  maintenance  of  a 
given  percentile  rank  by  a  growing  child  is  by  no  means  a 
universal  rule,  for  it  is  a  matter  of  common  observation  that 
very  small  babies  sometimes  grow  up  into  very  large  men 
and  women.  Such  cases,  however,  always  attract  attention 
from  their  obviously  exceptional  character  and  indicate  that, 
as  a  rule,  there  is  a  certain  degree  of  correspondence  between 
the  size  of  the  child  and  that  of  the  adult. 
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General  impressions  with  regard  to  such  questions  are,  of 
course,  of  very  little  value,  and  before  any  definite  conclu- 
sion can  be  reached  it  will  be  necessary  to  collect  large 
numbers  of  observations  on  growing  children  of  both  sexes, 
each  individual  being  measured  in  successive  years  or,  still 
better,  several  times  each  year,  and  the  percentile  rank  at 
each  age  determined.  Such  determinations  may  be  made  by 
means  of  tables  1-10,  or  by  the  curves  on  plates  2-5  con- 
structed from  them,  but  in  practice  it  will  be  found  more 
convenient  to  make  use  of  such  curves  as  those  on  plates 
10-13,  which  have  been  constructed*  with  a  view  to  this 
special  purpose. 

In  these  plates,  which  have  been  constructed  only  from  the 
tables  which  present  the  total  number  of  observations  irre- 
spective of  nationality,  the  age  in  years  and  months  is  given 
on  the  sides,  the  percentile  rank  at  the  top  and  bottom,  while 
the  curved  lines  traversing  the  plate  represent  successive 
inches  or  pounds.  The  use  of  the  curves  will  be  best  under- 
stood by  an  example.  Let  us  suppose,  for  instance,  that  a 
boy  ten  years  five  months  old  measures  fifty  inches  in  height, 
and  it  is  desired  to  ascertain  his  percentile  rank.  On  Plate 
10  the  horizontal  line  corresponding  to  ten  years  five  months 
is  to  be  followed  to  its  point  of  intersection  with  the  fifty- 
inch  curve.  This  point  of  intersection  will  be  found  to  lie 
on  the  vertical  line  corresponding  to  twenty-five  per  cent. 
This  means  that  the  boy  is  taller  than  twenty-five  per  cent, 
and  shorter  than  seventy-five  per  cent,  of  the  boys  of  his 
age.  A  height  of  fifty-one  inches  at  the  same  age  would 
give  a  percentile  rank  of  forty-one  per  cent.,  fifty-two  inches 
fifty-seven  per  cent.,  fifty -three  inches  seventy-four  per 
cent.,  etc. 

If  we  were  in  possession  of  a  few  hundred  sets  of  observa- 
tions on  growing  children,  each  child  being  measured  and 
weighed  annually  or  semiannually  during  the  period  of 
adolescence    and    his    percentile    rank    determined  in   the 


*  Such  curves'  may  be  constructed  by  calculating  for  each  age  the  percentile  rank 
corresponding  to  each  inch  or  pound  by  interpolation  in  tables  such  as  Nos.  1-12, 
or,  still  better,  from  tables  such  as  Nos.  4-15  of  the  original  article,  by  direct  ad- 
dition to  the  percentages  corresponding  to  the  successive  inches  or  pounds. 
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PLATE    10 

SHOWING   PERCENTILE   RANK  Of  BOYS 
OF  GIVEN   AGE  AND  HEIGHT 


b'i  107.         20%  30%         40°/         50%         60%         70%         e^°L      90%  957., 


5%  10/.  20%         30%        .4-0%         50°/         607.         70%  80%      907.  95%. 
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PLATE    !  I. 

SHOWING    PERCENTILE  RANK  OF  BOYS 
OF   GIVEN  AGE  AND  WEIGHT. 

57,  lOr.         20%        30%        407.         50'L        607,        70%         80%        90%  957, 
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PLATE    12. 

SHOWING  PERCENTILE  RANK  OF  GIRLS 
OF  GIVEN   AGE  AND  HEIGHT. 
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PL'ATE    13. 

SHOWING    PERCENTILE    RANK    OF  GIRLS 
OF  GIVEN  AGE   AND  WEIGHT. 

5%   107.      20/.  30%        407,        507.        60%        707.        80°/        907.  957. 


5y..\Qy.         207.         307         4-07o         507         607         707.  807         907  957. 
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above  manner,  we  should  be  able  to  draw  fairly  accurate 
conclusions  as  to  the  normal  range  of  variation  in  percentile 
rank  during  the  period  of  growth,  and  to  determine  how  far 
the  rate  of  growth  in  the  earlier  years  of  life  is  to  be  regarded 
as  an  indication  of  the  size  to  be  subsequently  attained.  Un- 
fortunately records  of  this  sort  have  been  rarely  kept  and 
still  more  rarely  published.  Those  which  are  accessible  to 
the  writer  represent  in  most  cases  the  result  of  observations 
upon  children  above  the  ninety-five  per  cent,  grade  in  both 
height  and  weight,  ?'.e.,  of  a  size  at  which  the  above  tables 
do  not  permit  us  to  determine  the  percentile  rank  with  any 
accuracy.  As  an  example  of  the  kind  of  record  which  it  is 
important  to  secure  the  following  table  is  presented,  showing 
the  percentile  rank  in  height  and  weight  of  two  growing 
girls  from  the  ages  of  six  to  fifteen  years  :  — 


Table  18.  Shoiving  Absolute  Height  and  Weight  and  Percentile  Rank  in 
Height  and  Weight  of  two  Girls  E  and  F  at  Various  Ages  from  Six  to 
Fifteen  Tears. 
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These  records  are,  of  course,  not  numerous  enough  to 
justify  any  general  conclusions,  but  they  are  interesting  as 
showing  that  the  percentile  rank  of  healthy  growing  children 
may,  during  adolescence,  vary  within  a  range  of  four  or  five 
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per  cent,  on  either  side  of  an  average  value.  How  much 
wider  the  variation  may  be  without  passing  the  limits  of 
health  is  a  question  for  the  determination  of  which  a  very 
large  number  of  observations  is  necessary,  and  it  is  to  the 
public  schools  that  we  must  again  look  for  the  data  which 
shall  make  it  possible  to  give  a  definite  answer  to  this  and 
other  questions  relating  to  the  phenomena  of  growth.  Mean- 
while, the  above-described  variations  during  adolescence  of 
the  height  and  weight  of  children  at  the  various  percentile 
grades  must  be  regarded  as  representing  only  in  a  general  way 
the  rate  of  growth  of  large  and  small  children  respectively. 

The  importance  of  taking  periodical  measurements  of 
pupils  in  the  public  schools  has  frequently  been  urged.  In 
fact,  this  branch  of  anthropometry  stands  in  such  close  rela- 
tion to  physical  training  that  it  may  be  regarded  as  the 
test  to  which  systems  of  physical  training  must  be  subjected 
in  order  to  judge  of  their  comparative  efficiency.  No  teacher 
at  the  present  day  is  satisfied  to  give  instruction  in  any  de- 
partment of  learning  without  testing  its  results  by  periodical 
examinations  of  the  pupils.  In  the  same  way  the  director  of 
physical  training  can  have  no  certainty  that  his  efforts  are 
well  directed  unless  he  can  convince  himself,  by  periodical 
determinations  of  height,  weight,  chest  girth,  strength,  etc., 
that  his  pupils  are  making  satisfactory  progress  in  physical 
development. 

Here  the  question  at  once  arises  :  What  amount  of  prog- 
ress is  to  be  regarded  as  satisfactory?  and  the  importance 
of  establishing  a  normal  standard  of  development  becomes 
apparent.  A  rough  approximation  to  such  a  standard  of 
development  in  height  and  weight  for  the  pupils  of  the 
Boston  public  schools  has  been  given  in  the  above  tables  and 
curves.  By  their  means  it  is  possible  to  ascertain  whether 
a  given  pupil  retains  his  rank  (relative  to  height  and  weight) 
among  his  comrades  during  the  period  of  adolescence.  It 
is  obvious,  however,  that  much  more  valuable  results  could 
be  obtained  if  we  were  in  possession  of  observations  numer- 
ous enough  to  justify  the  construction  of  separate  tables  and 
curves  for  children  of  different  nationalities ;  for  it  has  been 
shown  that  children  of   American  parentage  in  our  public 
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schools  are,  at  nearly  all  ages,  taller  and  heavier  than  those  of 
other  nationalities.  It  is  also  of  great  importance  that  some 
simple  tests  of  strength  should  be  applied  to  growing  children 
in  order  to  establish  a  standard  of  power  as  well  as  of  size. 
When  a  system  of  annual  physical  measurements  shall  have 
been  introduced  into  our  public  schools  and  recognized  as  of 
equal  importance  with  the  annual  examinations  in  the  vari- 
ous studies,  we  shall  be  in  a  position  to  formulate  the  laws 
of  o-rowth  with  much  greater  accuracy  than  is  at  present 
possible. 


TYPHOID  FEVER  IN  ITS  RELATION 
TO  WATER  SUPPLIES. 


By  Hieam  F.  Mills,  A.M.,  C.E., 

Member  of  the  State  Board  of  Health  of  Massachusetts. 


TYPHOID  FEYER  IN  ^  ITS  RELATION  TO 
WATER  SUPPLIES. 


By  Hiram  F.  Mills,  A.M.,  C.E., 

Member  of  State  Board  of  Health  of  3Iassachusetts. 


Typhoid  fever  is  one  of  the  diseases  now  generally  attrib- 
uted to  one  of  the  bacteria  known  as  the  typhoid  bacillus. 

Bacteria  are  very  minute  vegetable  growths,  and  this  species 
is  a  rod  with  rounded  ends,  the  diameter  being  about  one 
thirty-thousandth  of  an  inch  and  the  length  about  one  ten- 
thousandth  of  an  inch.  When  very  highly  magnified,  fine 
hair  like  appendages  (cilia)  may  be  seen  extending  from 
near  either  end. 

It  may  not  be  unreasonable  to  think  of  the  invisible  king- 
dom of  bacteria  as  consisting  of  as  many  species  as  the 
visible  vegetable  kingdom  and  all  of  them  doing  as  benefi- 
cent work,  in  the  economy  of  nature,  as  the  trees  and  plants 
which  we  see  around  us  ;  but  there  is  a  small  fraction,  per- 
haps comparable  with  the  small  number  of  poisonous  plants, 
which  are  disease  producing.  The  number  actually  known 
to  produce  disease  is  very  sniall,  and  among  those  regarded 
as  most  carefully  determined  is  the  typhoid  bacillus. 

It  is  not  merely  held  that  this  germ  is  usually  associated 
with  typhoid  fever,  but  that  typhoid  fever  does  not  exist 
when  this  germ  is  not  in  the  system  ;  that  it  is  the  actual 
cause  of  the  disease.  It  becomes  important  then  to  deter- 
mine how  it  can  get  into  the  system,  and  under  what  condi- 
tions it  can  live  outside  of  the  human  body. 

These  questions  have  been  and  are  being  studied  with 
care,  but  there  is  much  yet  to  be  learned.  That  these  germs 
may  be  taken  into  the  body  with  the  food  and  drink 
appears  to  be  well  established.  There  appears  to  be  no 
good  ground  for  believing  that  they  live  in  the  air  and  are 
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carried  from  place  to  place  by  winds  ;  but  it  is  not  unreason- 
able to  conclude  that  they  may  live  in  air  long  enough  to  be 
carried  with  dust  on  clothing  or  upon  the  person,  from  one 
sick-room  to  another,  or  from  the  sick-room  to  the  kitchen, 
or  to  be  blown  about  a  yard  where  slops  from  a  sick-room 
have  been  thrown,  or  blown  into  the  windows  of  a  sleeping- 
room  with  the  dust  from  a  privy  unfortunately  near. 

Cases  following  one  another  in  the  same  house  have  been 
more  readily  explained  by  such  communication  than  by  the 
milk  or  drinking  water  obtained  from  the  same  source  as 
that  used  by  neighbors  who  were  not  afflicted. 

Milk  has  been  regarded  as  an  excellent  food  for  the  typhoid 
bacillus.  When  sterilized  by  heat  so  that  all  other  bacteria 
are  killed,  the  typhoid  bacilli  added  to  it  have  been  found  to 
increase  one  thousand-fold  in  twenty-four  hours.  Hecent 
experiments  by  the  Board  have  shown  an  increase  of  seventy- 
fold  in  sterilized  milk  ;  but  in  milk  received  from  a  milk 
wagon  on  the  street  a  certain  number  of  the  typhoid  bacillus 
added  did  not  increase  but  rather  decreased  ;  and  when  added 
to  milk  drawn  directly  from  the  cow,  either  in  the  usual  way 
of  milking  or  through  a  sterilized  tube,  there  was  no  marked 
change  in  the  number  in  eight  hours,  and  little  if  any  increase 
in  twenty-four  hours.  Many  cases  of  prevailing  typhoid 
fever  in  cities  have  been  limited  to  a  single  milk  route  and 
typhoid  fever  has  been  found  to  have  been  at  the  farm  whence 
the  milk  was  brought. 

In  some  cases  the  communication  appeared  to  be  through 
water  from  a  well  polluted  by  soakings  from  a  privy  where 
dejecta  from  a  typhoid  patient  had  been  deposited.  But  the 
method  of  communication  has  not  been  determined  with 
certainty. 

Drinking  water  has  many  times  been  proven  to  be  the 
medium  by  which  typhoid  fever  has  been  communicated. 
Many  marked  cases  have  been  recorded  in  this  country 
and  in  Europe  but  the  present  object  is  not  to  repeat  what 
is  already  known  but  to  present  the  results  of  a  study  of 
the  influence  of  the  water  supplies  of  the  State  of  Massachu- 
setts upon  the  prevalence  of  typhoid  fever. 

The  highest  death-rates  by  typhoid  fever  in  the  State  are 
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not  in  the  cities,  but  are  in  the  towns  that  depend  for  water 
upon  wells.  The  five  towns  highest  on  the  list,  for  the  past 
eighteen  years,  have  an  average  death-rate  of  12.82  per  year 
for  each  10,000  inhabitants  ;  while  the  five  cities  having  the 
highest  death-rate  by  typhoid  fever,  in  the  past  twelve  years, 
average  7.65  per  10,000,  and  the  average  for  all  of  the  cities 
of  the  State,  in  the  same  time,  has  been  4.62. 

The  town  which  had  the  highest  death-rate  from  typhoid 
fever  in  the  State  was  Ware.  In  the  fifteen  years  previous 
to  1886  the  average  number  of  deaths  by  this  disease  in 
10,000  inhabitants  was  16.5.  In  1886  this  town  introduced 
a  supply  of  water  and  in  the  years* since,  although  the  water 
has  not  yet  come  to  be  generally  used,  the  number  of  deaths 
has  fallen  to  6.9,  or  four-tenths  as  many  as  previously. 

Improvement  is  not  limited  to  those  communities  where 
the  prevailing  death-rate  was  high,  as  illustrated  by  the 
city  of  Newburyport,  which  used  well  water  until  1881, 
when  water  was  brought  into  the  city  from  springs.  In  the 
nine  years  previous  to  the  introduction  of  spring  water  the 
number  of  deaths  yearly  by  typhoid  fever  per  10,000  inhabi- 
tants was  4.55.  In  the  seven  years  since  the  introduction  of 
pure  water  the  number  of  deaths  per  10,000  has  been  only 
2.07,  or  less  than  half  as  many  as  previously. 

The  general  decrease  in  deaths  by  typhoid  fever,  resulting 
from  abandoning  wells  and  introducing  a  public  water  supply, 
will  be  presented  later. 

Typhoid  fever  is  properly  regarded  as  a  preventable  dis- 
ease, and  in  considering  the  following  facts  we  must  conclude 
that  some  of  our  communities  have  responsibilities  that  can- 
not be  ignored  in  preventing  yearly  the  death  of  many  people 
scattered  through  all  classes  of  societ}'. 

That  this  is  to  a  great  extent  a  preventable  disease  is 
shown  by  these  general  facts  :  Twenty-five  years  ago  the 
average  number  of  deaths  by  typhoid  fever  in  10,000  inhabi- 
tants in  the  places  which  are  now  cities  in  this  State  was 
7.8  ;  the  number  now  dying  yearly  from  this  disease  in  the 
same  places  is  4.6  in  10,000  inhabitants.  In  fact,  the  actual 
number  of  deaths  from  this  disease  twenty-five  years  ago  in 
these  places,  when  their  population  was  only  six-tenths  as 
much  as  at  present,  was  as  great  as  it  is  now  ;  and  if  meas- 
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ures  for  its  prevention  had  not  been  taken,  and  the  death- 
rate  had  continued  as  it  was  twenty-five  years  ago,  we  should 
now  have  1,000  deaths  yearly,  when  the  actual  number  in  the 
cities  is  about  600. 

With  the  usual  number  of  600  deaths  in  a  year,  in  all  of 
the  cities  of  the  State  having  a  population  of  one  million 
and  one-third,  we  find  that  two  of  the  cities  having  together 
less  than  one-tenth  of  the  population  have,  in  the  twelve 
months  ending  April  1,  1891,  had  more  than  one-third  as 
many  deaths  as  all  usually  have  in  a  year.  The  city  of 
Lowell,  with  a  population  of  78,000,  had,  in  the  twelve 
months  mentioned,  150  deaths  from  this  disease,  and  the  city 
of  Lawrence,  with  45,000  inhabitants,  had  78  deaths.  These 
two  cities  had  69  more  deaths  from  this  disease,  in  the  twelve 
months,  than  the  city  of  Boston  with  four  times  the  popu- 
lation. 

If  these  two  cities  had  had  only  as  many  deaths  as  the 
average  of  the  city  population,  the  number  would  have  been 
36  in  Lowell  and  21  in  Lawrence.  There  were  in  Lowell,  in 
one  year,  114  more  deaths  and  in  Lawrence  57  more  deaths 
by  this  disease  than  in  the  usual  average  of  the  same  num- 
ber of  inhabitants  in  the  cities  of  the  State. 

In  November,  1890,  finding  the  number  of  deaths  by 
typhoid  fever  in  Lowell,  in  that  month,  was  far  exceeding 
that  of  the  whole  city  of  Boston,  the  State  Board  of  Health 
instituted  inquiries  as  to  the  cause,  and  soon  finding  that  the 
death-rates  from  this  disease  were  also  rapidly  increasing  in 
Lawrence,  with  no  similar  increase  in  other  cities  of  the 
State,  these  two  cities  were  made  the  subject  of  especial 
study  by  the  Board. 

The  most  probable  cause  of  such  an  epidemic  was  thought 
to  be  the  contamination  by  the  typhoid  bacillus  of  the  milk 
supply  or  of  the  water  supply. 

By  carefully  plotting  upon  maps  of  the  cities  the  residence 
of  all  cases  reported  to  the  local  board  of  health,  together 
with  the  deaths,  the  distribution,  though  not  even  over  the 
whole  city  nor  strictly  proportioned  to  the  density  of  popu- 
lation, was  so  general  that  it  could  not  be  attributed  to 
possible  cases  of  typhoid  fever  at  two  or  three  of  the  large 
number  of  farms  that  supplied  milk  to  the  one  hundred  or 
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two  hundred  milkmen  who  distributed  milk  through  the 
territory  where  the  cases  of  disease  were  found. 

On  the  other  hand  the  cases  found  in  Lawrence  were  all 
within  the  territory  supplied  with  water  from  the  city  water 
works,  and  several  of  the  cases  were  in  the  thinly  settled 
and  apparently  very  healthy  portions  of  the  city,  near  the 
outer  limits  of  the  water  pipes. 

In  Lowell  the  cases  were  very  generally  distributed 
throughout  the  territory,  the  numbers  following  nearly  the 
density  of  the  population. 

These  conditions  and  the  discovery  of  a  probable  cause  of 
the  contamination  of  the  Lowell  water  supply  by  fseces  of 
typhoid  patients  discharged  into  Stony  Brook  only  three 
miles  up  stream  from  the  intake  of  the  Lowell  water  works, 
followed  in  a  few  weeks  by  the  very  rapid  increase  in  the 
number  of  deaths  by  typhoid  fever  in  Lowell ;  and  these 
deaths  followed  in  about  six  weeks  by  an  alarming  increase 
in  the  number  of  deaths  in  Lawrence,  whose  water  supply  is 
drawn  from  the  Merrimack  River,  nine  miles  down  stream 
from  where  the  Lowell  sewage  enters  the  river ;  and  the 
further  discovery  in  December  of  typhoid-fever  germs  in 
water  from  the  service  pipes  of  the^^city  of  Lawrence,  induced 
the  Board  to  send  to  the  mayor  of  Lawrence  the  following 
advice  :  — 

State  Board  of  Health,  Lawrence,  Jan.  10,  1891. 
Hon.  Lewis  P.  Collins,  Mayor  of  Lmvrence. 

Dear  Sir  :  —  The  State  Board  of  Health  has  been  engaged 
many  weeks  in  seeking  the  cause  of  the  prevalence  of  typhoid 
fever  iu  Lawrence  ;  and,  although  the  investigation  is  not  com- 
pleted, the  facts  obtained  point  so  strongly  to  the  city  water  as 
being  one  important  cause  that  the  Board  feels  warranted  in 
warning  the  citizens  not  to  use  it  for  drinking  until  after  it  has 
been  boiled  at  least  fifteen  minutes ;  and  that  when  boiled  it 
should  not  be  cooled  by  putting  into  it  ice  obtained  from  the  river 
this  winter.  This  precaution  should  be  continued  as  long  as 
typhoid  fever  prevails  in  Lowell. 

Very  respectfully, 

Hiram  F.  Mills, 

Chairman  Committee  on  Water  Supply  and 
Seiverage  of  State  Board  of  Health. 
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On  the  same  day  a  similar  letter  was  mailed  to  Hon.  Geo. 
W.  Fifield,  mayor  of  Lowell,  in  regard  to  the  relation  of 
the  Merrimack  River  water  to  typhoid  fever  in  Lowell,  with 
the  same  warning. 

As  resort  was  had  to  wells  in  Lawrence  the  mayor  was 
notified  of  those  wells,  used  in  part  by  the  public,  which  the 
chemists  of  the  Board  regarded  unsafe  to  use  on  account  of 
pollution  by  sewage  ;  and  different  sources  were  selected 
from  which  water  of  good  quality  could  be  distributed  to  the 
schools. 

Whenever  the  Board  was  notified  that  wells  in  the  city 
were  used  by  more  than  one  family  the  water  was  analyzed 
without  charge,  and  the  users  were  informed  whether  it  was 
suitable  to  drink  or  not. 

In  the  latter  part  of  January,  1891,  the  mayor  of  Law- 
rence requested  the  chairman  of  the  committee  on  Water 
Supply  of  the  State  Board  of  Health  to  meet  the  city  com- 
mittee on  water  works  and  others  in  the  discussion  of  ques- 
tions concerning  the  city's  water  supply,  and  received  the 
following  response  :  — 

Commonwealth  of  MASSACHt'SEXTS, 
State  Board  of  Health,  Lawrence,  Jan.  SO,  1891. 

Hon.  Lewis  P.  Coiaai^s,,  Mayor  of  Lawrence. 

Dear  Sir  :  —  I  have  received  your  invitation  to  represent  the 
State  Board  of  Health  in  a  meeting  with  the  city  committee  on  water 
works  and  others,  at  an  early  day,  to  discuss  the  questions  that  may 
arise  concerning  the  city's  water  supply. 

The  State  Board  of  Health  is  requu^ed  to  consult  with  and  advise 
the  authorities  of  cities  intending  to  introduce  a  system  of  water 
supply  as  to  the  most  appropriate  source  of  suppl}^  and  the  best 
practicable  method  of  assuring  the  purity  thereof  ;  and  such  cities 
are  required  to  submit  to  the  Board,  for  its  advice,  outlines  of  their 
proposed  plans  in  relation  to  a  water  supply  ;  and  its  recommenda- 
tions and  advice  must  accompany  any  petition  the  city  may  make 
to  the  legislature  for  authority  to  introduce  a  suppI3^ 

The  method  of  the  Board,  after  receiving  the  plans  of  the  city,  is 
to  have  the  subject  in  all  its  bearings  made  a  special  study  by  its 
own  engineers,  looking  to  the  city  to  supply  local  facts  and  to 
make  the  desired  investigations  of  localities.  The  report  of  the 
engineers  of  the  Board  is  then  considered  by  the  committee  having 
this  subject  in  charge,  and  conclusions  are  recommended  to  the 
Board  for  its  adoption. 
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You  will  see  that  no  one  can  be  authorized  to  represent  the 
Board  upon  any  case  before  its  investigations  have  been  made,  and 
you  will  recognize  the  impropriety  of  any  member  of  the  Board 
recommending  any  one  system,  before  investigation,  when  all  of 
the  systems  which  the  city  may  present  are  to  come  before  him  for 
judgment. 

The  Board  is,  however,  desirous  of  aiding  you  in  every  way, 
and  as  it  has  already  considered  some  of  the  points  which  will 
come  before  you,  I  will  present  some  of  the  facts  which  have  been 
collected  in  anticipation  of  your  call  for  advice. 

Typhoid  fever  is  one  of  the  preventable  diseases  and,  in  con- 
sidering steps  to  be  taken  for  its  future  prevention,  the  question  of 
first  importance  is  whether  the  cause  of  the  prevailing  sickness  is 
temporary  and  exceptional,  or  continues  from  year  to  year. 

From  the  registration  reports  we  find  that  for  the  twelve  years 
from  i878  to  1889  the  yearly  average  number  of  deaths  from 
typhoid  fever  in  all  of  the  places  in  the  State  which  are  now  cities 
has  been  4.62  deaths  for  each  10,000  inhabitants. 

The  number  of  such  deaths  in  each  of  the  cities  may  be  found  in 
the  following:  table  :  — 


Average  Niimher 

of  Deaths 

in  the 

Cities  of  Massachusetts 

by  Typhoid 

Fever  per  Year  for  each  10,000  Inhabitants  for  the  Twelve  Tears 

1878  to  1889. 

Holyoke,       .         .         .         .8.93 

Brocfiton, 

.     4.01 

Lawrence,     . 

8.33 

Lynn,    . 

.     3.87 

Lowell, 

7.63 

New  Bedford, 

.     3.80 

Chicopee, 

7.05 

Newton, 

.     3.65 

Fall  River,    . 

6.32 

Maiden, 

.     3.54 

Spruigfield,  . 

5.29 

Worcester,    . 

.     3.33 

Taunton, 

5.02 

Newburjport, 

.     3.25 

Haverhill,     . 

4.83 

Cambridge,  . 

.     3.23 

Quinc}", 

4.68 

Gloucester,   . 

.     3.23 

Pittsfield,      . 

4.63 

Fitchburg,     . 

.     3.16 

Marlborough, 

4.59 

Woburn, 

.     2.95 

Salem,  . 

4.55 

Somerville,  . 

.     2.95 

Boston, 

4.32, 

Chelaea, 

.     2.89 

Northampton, 

4.04 

Waltham, 

.     2.42 

All  of  the  citi 

es. 

, 

..... 

4.62 

In  this  period  of  twelve  years  Lawrence  stands  next  to  the 
highest,  with  a  yearly  death-rate,  from  this  cause,  of  8.33  per 
10,000,  and  Lowell  follows  next  with  7.63. 

There  are  four  cities  larger  than  Lawrence,  viz.  :  Boston, 
Worcester,  Cambridge  and  Lynn,  whose  yearly  death-rate  from 
typhoid  fever  averaged  8.91  per  10,000,  or  less  than  one-half  that 
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of  Lawrence,  aud  the  death-rate  from  this  disease  in  Lawrence 
was  nearly  double  that  of  the  average  of  the  cities  of  the  State. 

The  deaths  of  the  past  year  are  not  included,  in  order  that  we 
may  see  the  relative  position  of  Lawrence  in  ordinary  years. 

Turning  again  to  the  tables,  to  see  if  the  condition  of  Law- 
rence is  improving  or  deteriorating,  we  find  the  following  average 
death-rates  from  typhoid  fever  per  10,000  living,  for  the  four 
years  1886  to  1889:  — 

Lawrence,  . 
Lowell, 
Fall  River,  . 
Holyoke, 
Chicopee,    . 

The  average  for  all  of  the  cities  in  these  four  years  was  4.59. 

Here  we  find  Lawrence  in  these  four  years  (next  previous  to 
and  not  including  the  last  year)  with  the  greatest  death-rate  from 
typhoid  fever  of  any  city  in  the  State,  amounting  to  10.30  deaths 
yearly  for  each  10,000  inhabitants,  followed  closely  by  Lowell  with 
9.55,  and  then  by  Fall  River  with  less  than  two-thirds  as  many. 

Lawrence  here  has  more  than  three  times  as  many  deaths  by 
this  disease,  for  the  same  number  of  inhabitants,  as  the  average 
of  the  four  larger  cities  of  Boston,  Cambridge,  Worcester  and 
Lynn,  and  more  than  twice  the  average  of  the  cities  of  the  State. 

It  is  to  be  noticed  that  the  five  cities  having  the  highest  death- 
rate  from  this  disease  are  manufacturing  cities,  and  there  may  be 
reason  in  attributing  a  part  of  the  cause  to  the  mode  of  life  in  such 
cities,  being  poorly  adapted  to  care  in  sickness  ;  but  on  the  other 
hand  it  may  be  seen  by  the  last  report  of  the  Board,  page  395,  that 
the  mortality-rates  of  Lawrence,  since  it  became  a  city,  compare 
favorably  with  the  mortality-rates  of  the  city  population  of  the 
State  taken  as  a  whole. 

The  diseases  in  which  the  death-rate  of  Lawrence  especially 
exceeds  that  of  other  cities  are  typhoid  fever  and  diarrhoeal  dis- 
eases, both  of  which  are  regarded  as  especially  dependent  upon 
the  water  used  for  drinking. 

Comparing  these  manufacturing  cities  we  find  there  are  twenty 
more  deaths  by  typhoid  fever,  each  year,  in  Lawrence  than  in  the 
same  number  of  inhabitants  in  Fall  River  ;  and  in  Lowell  the  con- 
dition is  but  little  better  than  in  Lawrence. 

These  two  cities,  Lowell  and  Lawrence,  both  well  situated,  well 
regulated  and  comparing  favorably  for  general  healthfulness  with 
other  cities  in  the  State,  have  fifty  per  cent,  more  deaths  by 
typhoid  fever,  for  the  same  population,  than  any  other  cities  in 
the  State. 
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These  are  the  only  two  cities  in  the  State  which  draw  their 
water  for  drinking  from  a  river,  into  which,  within  twenty  miles 
above,  sewage  is  publicly  discharged. 

Within  nine  miles  above  the  Lawrence  water  works  are  the 
Lowell  sewers,  and  within  nine  miles  of  the  Lowell  water  works  is 
the  State  line,  with  the  city  of  Nashua  five  miles  beyond.  Sewage 
from  towns  in  Massachusetts  on  the  Nashua  River  is  freely  turned 
into  New  Hampshire,  and  thence  into  the  Merrimack  River ;  and 
sewage  from  nearly  one-half  of  the  State  of  New  Hampshire 
enters  by  the  Merrimack  River  and  flows  through  Massachusetts, 
past  the  cities  of  Lowell  and  Lawrence.  Having  no  means  of 
checking  the  entrance  of  the  latter  pollution  was  probably  the 
controlling  reason  why  the  Commonwealth  in  1878  —  six  years 
after  granting  to  the  city  of  Lawrence  the  right  to  introduce  its 
water  for  drinking  —  by  special  statute  made  this  river  a  free 
receptacle  for  sewage. 

The  amount  of  sewage  that  has  directly  entered  the  river  and 
its  branches  during  the  chemical  examinations  of  the  past  three 
years  is  estimated  to  be  about  one  gallon  in  six  hundred  gallons  of 
the  river  water  passing  Lawrence,  and  there  has  been  no  more 
impurity  in  the  water  that  could  be  detected  by  chemical  analysis 
than  in  about  one-half  of  the  drinking  water  supplies  of  the  State 
obtained  from  ponds  and  streams  ;  but  the  facts  which  have  been 
presented  showing  that  these  two  cities  |iave  so  much  higher  death- 
rate  from  typhoid  fever  than  any  other  cities  of  the  State,  together 
with  what  is  known  of  the  relation  of  typhoid  fever  to  sewage- 
polluted  drinking  water,  are  the  strongest  grounds  for  concluding 
that  even  with  the  small  amount  of  organic  impurity  in  the  water, 
as  shown  by  chemical  analysis,  the  disease  germs  of  this  disease 
are  able  to  pass  and  do  pass  from  one  city  to  the  other  in  the 
water  of  this  river. 

You  desired  to  know  if  the  water  could  be  purified  by  filtration. 
It  would  be  essential  in  this  case  that  the  germs  of  this  and  other 
diseases  should  be  destroyed  by  the  process  of  filtration.  Of  the 
many  filters  which  the  State  Board  of  Health  has  experimented 
with  there  is  one  which  has  filtered  daily  for  three  years  at  the 
rate  of  about  300,000  gallons  per  acre  per  da}',  and  it  is  believed 
that  no  bacteria  have  survived  the  passage  through  it.  Such  a 
filter  would  have  to  cover  an  area  of  ten  acres  to  purify  the 
3,000,000  gallons  daily  required  for  Lawrence. 

Of  the  more  rapid  filters  the  Board  has  not  yet  found  one,  used 
either  with  or  without  alum,  that  removed  all  the  bacteria. 

It  is  evident  that  there  will  be  difficulty  in  finding  near  Law- 
rence a  new  source  of  supply  sufficiently  abundant  for  all  pur- 
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poses,  and  so  situated  as  to  be  in  the  future  sufficiently  pure  for 
drinking.  Such  a  source  would  be  preferable  to  any  other  and 
should  be  sought ;  but  if  it  cannot  be  obtained  without  too  great 
expense,  it  will  be  well  to  consider  and  have  definite  estimates  of 
cost  made  for  a  system  introducing  pure  spring  water,  to  be  dis- 
tributed over  the  city  in  a  separate  system  of  small  pipes,  to  be 
used  exclusively  for  cooking  and  drinking ;  thus  leaving  the 
present  well-established  system  of  water  works  to  be  used  for  all 
other  purposes,  including  the  extinguishing  of  fires,  all  business 
and  manufacturing  purposes,  watering  of  streets  and  gardens,  and 
domestic  purposes  except  cooking  and  drinking. 

The  quantity  required  of  pure  water  would  probably  not  exceed 
five  per  cent,  of  the  full  quantity  for  all  purposes,  and  it  is  quite 
probable  that  a  tract  of  land,  within  reasonable  distance  from  the 
city,  may  be  found  which  will  supply  this  quantity  of  water  and  which 
can  be  controlled  by  the  city  and  kept  free  from  future  pollution. 

That  you  may  have  definite  knowledge  of  the  relation  of  typhoid 
fever  to  drinking  water  I  present  the  following  experience  of  the 
cities  of  this  State. 

More  than  one-half  of  the  cities  of  the  State  had  public  water 
supplies  introduced  within  the  years  from  1869  to  1877.  In  the 
table  below  are  given  the  number  of  deaths  from  typhoid  fever 
yearly  in  10,000  inhabitants,  in  each  of  the  cities  introducing  water 
in  the  above  period,  for  the  ten  years  previous  to  the  period  and 
for  the  twelve  years  following  it :  — 
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Holyoke,         .         . 

6.73 

1873 

8.93 

133 

Lawrence, 

8.34 

1875 

8.33 

100 

Lowell,  . 

6.16 

1872 

7.63 

124 

Fall  River, 

7.78 

1874 

6.32 

81 

Springfield,    . 

9.67 

1875 

5.29 

55 

Taunton, 

6.12 

1876 

5.02 

82 

Northampton, 

10.98 

1871 

4.04 

37 

Lynn, 

9.06 

1871 

3.87 

43 

New  Bedford, 

7.77 

1869 

3.80 

49 

Newton, . 

6.57 

1876 

3.65 

56 

Maiden,  . 

8.04 

1870 

3.54 

44 

Fitchburg, 

10.59 

1872 

3.16 

30 

Woburn, 

8.29 

1873 

2.95 

36 

Somerville, 

- 

4.28 

1867 

2.95 

69 

Chelsea, . 

5.97 

1867 

2.89 

48 

Waltham, 

8.12 

1873 

2.42 

30 
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Of  these  sixteen  cities  all  but  three  had  less  typhoid  fever  after 
introducing  public  water  supplies  than  before  ;  and  their  average 
number  of  deaths  from  this  cause  was  less  than  one-half  of  the 
number  of  deaths  when  they  used  water  from  wells. 

The  three  exceptional  cities  are  Holj'oke,  Lawrence  and  Lowell, 
whose  death-rate  from  typhoid  fever  in  the  above  period,  since  the 
introduction  of  water,  has  not  been  less  than  previously. 

Holyoke,  though  receiving  water  from  an  outside  source  for 
general  use,  has  used,  to  some  extent  in  the  mills,  water  from  the 
canals  filtered  through  gravel  beds  in  the  bottom  of  the  canal,  or 
through  some  of  the  rapid  filters  used  by  paper  mills.  No  investi- 
gations have  yet  been  made  to  learn  whether  the  people  using  the 
canal  water  in  this  way  are  more  afflicted  with  typhoid  fever  than 
others,  and  it  is  a  fact  that  during  the  past  five  years,  since  the 
canal  water  has  been  more  carefully  filtered  than  formerly,  the 
death-rate  in  Holyoke  from  this  disease,  though  still  high,  is  lower 
than  in  previous  years. 

The  continued  high  death-rate  from  this  disease  in  Lawrence  and 
Lowell,  which,  as  before  stated,  has,  in  the  four  years  previous  to 
the  last,  put  them  far  beyond  all  of  the  other  cities  of  the  State, 
must,  in  large  measure,  in  the  light  of  the  experience  of  the  other 
cities,  be  attributed  to  the  polluted  water  supply.  And  the 
experience  of  the  others  gives  promise  that,  with  a  pure  water 
supply,  the  death-rate  by  this  disease  maj;  be  reduced  by  one-half. 

Respectfully  yours, 

Hiram  F.  Mills, 

Chairman  Committee  on  Water  Supj^^y  of 
State  Board  of  Health. 


Since  the  above  letter  was  sent  to  the  mayor  of  Lawrence 
more  extended  inquiry  has  been  made  of  the  conditions  at 
Holyoke.  From  examinations  made  by  the  secretary  of  the 
Board  and  from  a  very  elaborate  report  made  by  Mr.  Geo. 
V.  McLaiithlin  it  appears  that  one  of  the  main  sewers  of  the 
city  discharges  into  the  river  a  short  distance  above  the 
entrance  to  the  upper  canal ;  nearly  all  of  the  sewage  from 
the  factories  enters  the  canals  directly,  and  the  water  used 
for  drinking  in  the  factories  is  from  three  sources,  viz.  : 
the  public  water  supply,  which  has  very  slight  liability  of 
beins  contaminated  ;  water  from  the  canals  either  direct  or 
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after  passing  through  rapid  filters,  and  water  from  wells  in 
the  factory  yards  which  comes  indirectly  from  the  canals  and 
is  partially  filtered  by  flowing  through  the  ground.  The  last 
source  appears  to  be  the  one  most  commonly  used  in  the 
factories  in  summer  because  the  water  is  cooler  than  the  city 
water;  and  for  the  same  reason  water  from  the  canal,  either 
directly  or  after  passing  through  rapid  filters,  is  used  in 
many  of  the  mills  in  winter. 

By  comparing  the  death-rates  by  typhoid  fever  among 
those  of  different  occupations  in  Holyoke  the  remarkable 
result  is  brought  out  that  for  the  last  three  years  the  death- 
rates  from  this  disease  among  those  employed  in  mills  which 
use  canal  water  for  any  purpose  averaged  more  than  three 
times  as  high  as  among  all  other  persons. 

The  very  high  death-rates  by  typhoid  fever  of  17  and  24 
per  10,000  in  1881  and  1882,  when  included  in  an  average, 
place  Holyoke  at  the  head  of  the  list  of  Massachusetts  cities 
having  the  greatest  mortality  from  this  disease,  but  the  aver- 
age for  the  past  eight  years  places  it  below  two  other  cities 
and  shows  that  it  is  having  about  fifty  per  cent,  more  deaths 
from  this  disease  than  the  average  of  the  same  city  popula- 
tion. 

The  cause  of  the  epidemic  of  1881  and  1882  has  been 
sought,  but  without  satisfactory  result.  Inquiry  was  limited 
in  part  by  the  fact  that  the  detailed  death  returns  of  those 
years  have  been  destroyed,  but  enough  data  have  been  col- 
lected to  show  that  it  was  almost  wholly  an  epidemic  among 
mill  operatives. 

While  Mr.  McLauthlin  was  making  his  examination  in 
Holyoke,  the  local  board  of  health,  having  been  notified  by 
Professor  Sedgwick,  the  bacteriologist  of  the  State  Board, 
of  the  practice  of  drinking  canal  water  in  the  mills  and  the 
dangers  attendinsf  it,  ensraofed  Mr.  McLauthlin  to  have 
warnings  attached  to  all  of  the  canal  water  faucets  in  the 
mills.  This  required  237  brass  clamps  on  which  was  stamped, 
"  Canal.  Do  not  drink."  Other  outlets  were  provided  with 
169  brass  plates  having  the  same  advice.  Similar  warnings 
printed  on  placards,  in  English  and  French,  to  the  number 
of  260,  were  posted  where  canal  water  was  accessible. 
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The  Milk  Supply  of  Lawrence. 

If  the  epidemic  in  Lawrence  had  originated  in  a  contami- 
nated milk  supply  we  should  expect  to  find  typhoid  fever 
prevailing  at  many  of  the  farms  from  which  the  milk  was 
brought. 

In  order  to  determine  whether  typhoid  fever  existed  at 
any  of  the  farms  from  which  milk  brought  into  Lawrence 
was  obtained,  the  Board  engaged  the  inspector  of  milk  of 
Lawrence,  Mr.  P.  H.  Donoghue,  to  learn  from  each  milk- 
man the  farms  from  which  he  obtained  milk  and  to  learn 
from  various  sources  if  there  were  any  cases  of  sickness  at 
any  of  these  farms.  One  hundred  and  eleven  milkmen  were 
examined  who  brought  milk  from  about  two  hundred  and 
fifty  farms. 

Three  cases  of  typhoid  fever  were  reported  ;  two  of  them 
were  found  by  the  secretary  of  the  Board,  upon  consultation 
with  the  physicians  who  attended  the  patients,  to  be  other 
diseases  than  typhoid  fever.  One  only  proved  to  be  this 
disease,  and  this  one  was  of  a  man  who  collected  swill  in 
Lawrence  and  was  taken  ill  Dec.  20,  1890,  when  the  epidemic 
was  at  its  height  in  Lawrence,  and  the  disease  was  probably 
contracted  there.  From  careful  inquiry  by  the  secretary  of 
the  physicians  in  the  towns  surrounding  Lawrence,  he  con- 
cluded that  the  above  was  the  only  case  of  typhoid  fever  upon 
a  milk  farm  supplying  milk  to  Lawrence  in  1890. 

These  results,  in  connection  with  the  statements  pre- 
viously made,  show  conclusively  that  the  epidemic  in  Law- 
rence was  not  caused  by  a  contaminated  milk  supply. 

Deaths  in  Boston,  Lowell  and  LawPvENCe. 

General  statements  have  been  made  of  the  relative  number 
of  deaths  by  typhoid  fever  in  Boston,  Lowell  and  Lawrence 
in  the  twelve  months,  including  the  epidemic  in  the  two  latter 
cities.  Additional  information  may  be  obtained  by  consider- 
ing the  deaths  in  these  cities  from  this  disease  month  by 
month  in  the  past  two  years. 

The  actual  numbers  of  deaths  from  typhoid  fever  in  each 
of  these  cities  in  each  month  of  the  past  two  years  are  given 
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in  the  following  table,  together  with  the  population  in  1890 
and  the  number  of  deaths  in  100,000  inhabitants  :  — 


Population  in  1890, 


77,605 


44,559 


June, 

July, 

August,  . 

September, 

October, 

November, 

December, 

January, 
February, 
March,    . 
April,      . 
May, 
June, 
July,      . 
August,  . 
September, 
October, 
November, 
December, 

January, 
February, 
March,    . 
April, 
May, 


„  „,,      Deaths  per 
Deaths.      ioQoo5_ 


2.75 
3.88 
8.01 
7.55 
5.26 
3.88 
2.97 

1.60 
1.15 
1.60 
1.60 
1.60 
1.83 
2.06 
4.58 
6.18 
4.58 
4.34 
4.34 

1.83 
.91 
2.51 
2.06 
1.83 


Deaths  per 
100,000. 


„     .,        Deaths  per 
Deaths.      100,000. 


3.87 
1.29 
6.44 
9.02 
3.87 
10.31 
11.60 

6.44 

7.73 

5.15 
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The  same  data  are  presented  graphically  in  the  following 


diagrams  : 
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The  highest  death-rates  from  typhoid  fever  in  the  State 
are,  in  general,  in  the  months  of  September  and  October, 
August  and  November  being  a  little  below  the  highest.  The 
death-rates  in  Lowell  and  Lawrence  are,  in  these  months,  as 
high  as  in  the  other  cities  ;  but  in  these  two  years  these  are 
followed  in  Lowell  by  still  higher  death-rates  in  November 
and  December,  and  in  Lawrence  by  maximum  rates  in  De- 
cember, January  and  February.  Lowell's  maximum  is  at 
the  time  when  it  would  exist  if  resulting  from  prevalence 
of  the  disease  in  other  towns  having  the  maximum  at  the 
usual  time  ;  and  the  maximum  of  Lawrence  is  when  other 
cities  are  nearly  at  their  minimum,  and  follows  a  month 
or  two  after  Lowell,  as  it  would  if  resulting  from  preva- 
lence of  the  disease  in  Lowell.  But  we  are  not  limited  to 
so  general  a  view  in  the  case  of  the  epidemic  of  1890-9 L 
In  this  case  the  Board  found  that  in  the  months  of  August, 
September  and  October  there  were  four  cases  of  typhoid 
fever  about  three  miles  up  the  river  from  the  intake  of  the 
Lowell  water  works,  whose  dejecta  are  known  to  have  gone 
into  Stony  Brook  a  short  distance  above  its  entrance  into 
Merrimack  Eiver.  Previous  to  this  time  the  monthly  deaths 
from  typhoid  fever  in  Lowell  had  been  7.  In  September 
the  number  of  deaths  was  8,  in  October  10,  and  in  Novem- 
ber 28,  followed  in  December  by  26,  in  January  by  19,  and 
in  February  by  14.  The  actual  number  of  deaths  in  the  six 
months  was  greater  than  the  number  in  the  city  of  Boston, 
and  the  average  death-rate  was  six  times  as  great. 

The  effect  of  each  of  the  several  pollutions  of  the  v/ater  at 
Stony  Brook  by  the  dejecta  of  typhoid-fever  patients  has 
been  carefully  traced  in  the  increase  of  cases  of  sickness  in 
Lowell  by  Prof.  William  T.  Sedgwick,  and  published  in 
"  A  Report  upon  the  Sanitary  Condition  of  the  Water  Supply 
of  Lowell,  Mass.,"  presented  to  the  water  board  of  Lowell 
April  10,  1891,    Professor  Sedgwick  concludes  as  follows  :  — 

From  prolonged  personal  investigation  of  the  detailed  history  of 
the  Stony  Brook  cases  ;  from  their  unmistakable  relations  to  the 
epidemic,  which  are  well  shown  upon  the  several  diagrams  ;  and  in 
the  total  absence  of  any  other  known  or  probable  cause,- 1  am  con- 
vinced that  the  infection  of  Stony  Brook  and  the  Merrimack  River 
by  these  cases  was  the  principal  cause  of  the  epidemic  of  typhoid 
fever  in  Lowell  (and  indirectly  of  that  in  Lawrence)  in  1890-91. 
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Turnino:  to  the  table  and  diagram  of  the  death-rates  in 
Lawrence,  we  find  that  in  December,  1889,  and  January  and 
February,  1890,  following  a  month  after  the  high  death- 
rates  of  Lowell  for  that  year,  the  death-rates  of  Lawrence 
from  typhoid  fever  were  higher  than  those  of  Lowell,  and 
eight  times  as  high  as  in  Boston  in  the  same  months.  Dur- 
ing  the  next  six  months,  through  the  spring  and  summer, 
the  death-rate  in  Lawrence  from  typhoid  fever  averaged 
about  twice  that  of  Boston,  and  w^hen  Boston  reached  its 
maximum  in  the  fall,  Lawrence  had  about  the  same  rates  ; 
but  then  followed  the  great  increase  in  death-rates  in  Law- 
rence,  being  about  four  times  that  of  Boston  in  November, 
ten  times  that  in  December,  and  (owing  to  the  decreasing 
rates  in  Boston  as  usual  at  that  season  of  the  year)  amount- 
ing to  about  twenty  times  that  of  Boston  in  January  and 
February. 

These  high  death-rates  from  typhoid  fever  in  Lawrence 
occur  at  a  time  when  there  is  very  little  of  this  disease  in 
other  cities  except  Lowell,  and  they  follow  this  year,  as  in  the 
previous  year,  about  a  month  later  than  the  high  death-rates 
of  Lowell. 

These  conditions  all  lead  to  the  conclusion  that  the  excess 
of  typhoid  fever  continually  prevailing  in  Lawrence  follows 
from  and  is  due  to  the  existence  of  the  disease  in  Lowell, 
and  that  the  prevailing  excess  in  Lowell  is  due  to  the  exist- 
ence of  the  disease  in  the  towns  up  the  river  which  discharge 
sewage  into  the  river. 

The  question  naturally  arises,  whether  typhoid-fever  germs 
which  grow  in  the  human  body  at  blood  heat  will  survive  in 
water  at  a  temperature  a  little  above  freezing  long  enough  to 
pass  from  Lowell  sewers  to  the  service-pipes  of  the  city  of 
Lawrence.  The  temperature  of  the  river  water  in  November, 
1890,  was  from  45°  to  35°  F.  ;  the  distance  from  the  sew- 
ers in  Lowell  to  the  intake  of  the  Lawrence  water  works  is 
nine  miles,  and  the  time  for  the  water  to  pass  from  the 
sewers  to  the  intake  was  at  that  time  less  than  eight  hours. 
Entering  the  reservoir  the  same  day,  the  water  would  reach 
the  outlet  and  enter  the  service-pipes  within  ten  days,  —  most 
of  it  within  a  week.  It  would  then  be  distributed  over  the 
city,  in  the  portions  near  the  reservoir,  in  about  one  week 
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from  leaving  the  sewers  of  Lowell,  and  in  more  remote  parts 
of  the  city  in  about  two  weeks. 

To  prove  whether  typhoid-fever  germs  would  survive  in 
the  Merrimack  Kiver  water,  when  at  the  low  temperature  of 
the  month  of  November,  long  enough  to  pass  from  the  Lowell 
sewers  to  the  service-pipes  in  Lawrence,  a  series  of  experi- 
ments was  made  by  the  Board  by  inoculating  water  from 
the  service-pipes  with  typhoid-fever  germs,  and  keeping  the 
water  in  a  bottle  surrounded  by  ice,  at  as  near  freezing  as 
practicable,  for  a  month,  and  each  day  taking  out  one  cubic 
centimeter  and  determining  the  number  of  typhoid  germs. 
The  number  continually  decreased,  but  some  survived 
twenty-four  days. 


On  the  first  day  there  were 
the  fifth  clay  there  were 
the  tenth  day  there  were 
the  fifteenth  da}'  there  were 
the  twentieth  day  there  were 
the  twenty-fifth  day  there  were 


6,120  germs. 

3,100 

490 

100 

17 

0       " 


This  experiment  indicates  that  typhoid-fever  germs  from 
the  sewers  of  Lowell  may  live  in  winter  to  enter  the 
Lawrence  reservoir  in  large  numbers  ;  that  the  numbers  will 
decrease  in  the  reservoir ;  but  still  a  considerable  fraction 
will  live  to  enter  the  service-pipes,  and  that  this  fraction  will 
decrease  as  the  water  proceeds  in  the  pipes  across  the  city. 

This  latter  redaction  is  the  probable  explanation  of  the 
fact  brought  out  by  plotting  the  cases  for  three  months  in 
the  fall  of  1890,  at  their  several  locations  upon  a  map  of  the 
city,  that  much  the  larger  number  of  cases  were  in  portions 
of  the  city  near  the  reservoir ;  but  that  some  germs  sur- 
vived the  passage  through  the  pipes  was  proven  by  their 
being  found  in  water  drawn  from  the  service-pipes  in  Decem- 
ber, 1890,  at  the  Experiment  Station,  which  is  across  the 
city  from  the  reservoir,  distant  about  two  and  a  half  miles. 


We  have  found  this  relation  existing  between  typhoid 
fever  and  water  supply,  viz.  :  that  in  general,  in  the  cities  of 
the  State,  the  death-rate  by  typhoid  fever  has  been  greatly 
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reduced  by  the  introduction  of  a  pure  public  water  supply ; 
that  in  the  one  city  where  there  has  not  been  such  a  reduction, 
a  portion  of  the  people  use,  for  drinking,  water  from  canals 
or  from  wells  subjected  to  serious  pollution  by  sewage  ;  and 
that  the  deaths  from  this  disease  are  much  more  frequent 
among  that  portion  of  the  community  than  among  others. 

The  only  two  remaining  cities  which  have  not  decreased 
death-rates  by  typhoid  fever  after  the  introduction  of  public 
water  supplies  receive  their  supplies  from  a  river  polluted 
by  sewage  ;  and  the  seasons  in  which  this  disease  prevails 
in  these  cities  are  later  than  those  of  other  cities,  and  in 
the  lower  city  on  the  river  later  than  in  the  upper  city, 
at  a  season  when  other  cities  are  nearly  free  from  the 
disease  and  at  the  time  when  it  would  follow  if  produced 
by  the  sewage  from  the  upper  city ;  further,  that  when  the 
water  of  the  river  which  passed  the  upper  city  and  received 
its  sewage  during  the  greatest  prevalence  of  the  disease 
there  had  reached  the  service-pipes  of  the  lower  city,  and 
there  was  the  greatest  prevalence  of  the  disease  in  the 
lower  city,  typhoid-fever  germs  were  found  in  water  from 
these  service-pipes. 


HEAI.TH  OF  TOWNS. 


HEALTH  OF  TOAVNS. 


The  following  digest  has  been  compiled  from  such  reports 
as  have  been  transmitted  to  the  office  of  the  State  Board  of 
Health. 

It  is  a  matter  of  regret,  not  so  much  that  the  local  health 
authorities  of  many  cities  and  towns  fail  to  forward  copies  of 
their  reports  to  the  State  Board,  as  that  very  many  of  the 
local  boards  of  health  make  no  reports  whatever,  even  to 
their  own  municipalities.  The  need  of  legislation  which 
shall  provide  an  independent  board  of  health  for  all  towns, 
or  at  least  for  the  large  towns,  becomes  yearly  more  appar- 
ent, and  has  received  sufficient  comment,  in  previous  reports 
of  the  Board. 

Abington. 

Twelve  cases  of  contagious  diseases  were  reported  by  physicians, 
viz.  :  scarlatina,  6;  diphtheria,  4;  tyi5hoid  fever,  1  ;  measles,  1. 

A  number  of  complaints  were  made  to  the  Board,  of  nuisances 
existing,  and  in  all  cases  the  Board  made  a  personal  investigation 
and  abated  the  nuisance.  We  will  continue  to  receive  such  com- 
plaints until  the  town  adopts  some  form  of  sewerage  to  carry  off 
the  surplus  water.  During  the  excessive  rainfall  last  summer  and 
fall  the  cellars  of  a  great  many  houses  were  half  filled  with  water  ; 
there  were  no  cesspools  to  receive  the  water  from  the  sinks  ;  instead, 
shallow  drains  were  dug  to  carry  away  the  sink  water,  which  was 
then  allowed  to  flow  upon  the  land,  in  close  proximity  to  the 
houses  ;  and  in  the  summer  time  tbis  was  the  cause  of  numerous 
complaints,  on  account  of  the  odors  arising  therefrom.  We 
acquainted  the  owners  of  the  condition  of  affairs,  and  they  were 
perfectly  willing  to  remedy  the  evil.  They  dug  cesspools,  but  on 
account  of  the  excessive  rainfall  it  would  necessitate  their  empty- 
ing every  few  days,  which  would  be  an  absolute  impossibility. 
We  know  of  no  way  of  combating  this  evil  except  by.  digging  a 
large  drain,  which  would  carr}'  away  all  the  surplus  water.  One 
of  the  owners  was  willing  to  co-operate  with  the  others  and  do 
this,  and  we  expect  to  see  it  finished  in  the  near  future. 
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Amesbury. 

The  most  difficult  problem  of  all  to  solve  is,  how  to  dispose  of 
the  sewage  to  the  best  advantage.  In  most  of  the  streets  there 
are  no  proper  sewers,  and  as  a  matter  of  economy  the  town  should 
commence  to  build  its  system  of  drainage  on  the  east  side  at  once, 
and  not  wait  until  compelled  to  by  the  visitation  of  an  epidemic  of 
contagious  diseases.  No  interest  of  the  town  is  more  important 
than  the  health  of  its  inhabitants.  The  introduction  of  public 
sewers  is  a  matter  of  necessity  as  important  as  that  of  the  intro- 
duction of  pure  water  ;  and  in  the  case  of  our  village,  with  its  hard, 
clayey  soil,  its  compact  population,  its  narrow  streets  and  lanes, 
the  building  of  large  blocks  of  stores  and  carriage  factories,  and 
the  consequent  increase  of  sewage  attending  them,  a  system  of 
sewers  is  a  matter  that  must  be  attended  to  sooner  or  later. 

The  present  sewers  are  clearly  inefficient,  improperly  constructed 
and  with  no  general  plan,  their  outlets  being,  in  many  cases,  a 
public  nuisance.  An  unhealthy  town  is  not  likely  to  increase  in 
wealth  and  population,  as  it  will  be  avoided  by  those  seeking  to 
establish  new  industries,  and  also  by  those  intending  to  make  this 
place  their  home.  Sixt3''-one  complaints  have  been  made  to  the 
Board,  of  nuisances  which,  in  most  instances,  have  been  promptly 
abated  by  the  owners  of  the  premises.  The  number  of  contagious 
diseases  reported  has  been  59.  Diphtheria,  33;  scarlet-fever,  7; 
typhoid  fever,  18  ;  measles,  1.  There  has  been  an  increase  over 
last  year  in  the  number  of  cases  of  diphtheria,  while  there  has 
been  a  less  number  of  cases  of  typhoid  fever. 

AXTLEBOROUGH. 

The  vote  of  the  Fire  District  Association  authorizing  the  con- 
struction of  a  large  tank  on  Capron's  Hill  for  the  storage  of  water 
indicates  a  continuance  of  the  present  source  of  supply.  This 
being  so,  every  precaution  to  prevent  the  contamination  of  the 
well  should  be  adopted.  The  proposed  sewer  on  North  Main 
Street  would  be  an  important  factor  in  such  improvement  if  the 
residents  on  the  street,  especially  those  on  the  westerly  side,  would 
connect  their  premises  with  it.  We  have  the  authority  of  the 
State  Board  of  Health  that  the  residences  on  the  hill  constitute 
another  probable  source  of  contamination.  This  should  be  con- 
sidered by  the  town  and  proper  preventive  measures  adopted. 

During  the  year  several  cases  of  glanders  existed  among  the 
horses  in  town.  As  far  as  they  came  to  the  attention  of  the 
Board  the  Cattle  Commissioners  were  notified,  and  an  official  visit 
by  one  of  them  was  promptly  made.  Citizens  do  not  seem  to  be 
aware  that  they  are  obliged  by  law  to  report  suspicious  cases  of 
disease  among  animals. 


No.  34.]  HEALTH    OF    TOWNS.  549 

Contagious  diseases  reported  :  diphtheria,  13  ;  scarlet-fever,  3  ; 
typhoid  fever,  20  ;  total,  36. 

Ayek. 

There  have  been  reported  to  the  Board  5  cases  of  diphtheria,  1 
of  scarlet-fever,  5  of  typhoid  fever,  and  3  of  measles  ;  of  the  14 
cases  1  only  was  fatal,  a  case  of  diphtheria.  Two  of  the  cases 
of  typhoid  fever  originating  in  town  occurred  in  houses  where 
well  water  was  used  for  domestic  purposes,  both  located  on  streets 
having  the  public  water  supply. 

There  is  one  matter  which  the  Board  feels  in  duty  bound  to  bring 
to  the  attention  of  the  public,  —  the  disposition  of  the  sink  water  in 
certain  portions  of  our  village.  At  present  it  is  emptied  into  the 
streets,  partl}'^  into  closed  and  partly  into  open  drains.  This  is  an 
unsightly  as  well  as  unsanitary  method  of  disposing  of  that  por- 
tion of  the  sewage,  and  sooner  or  later  will  show  its  evil  effects  up- 
on the  public  health.  At  present  perhaps  it  is  only  a  nuisance, 
uncleanly  and  disagreeable.  The  town  has  no  systems  of  sewers 
and  from  necessity  can  have  none,  even  in  the  near  future. 

Belmont. 
There  have  been  15  cases  of  contagious  diseases  reported  during 
the  year :  diphtheria,  4  cases ;  scarlet-fever,  2  cases  ;  measles,  2 
cases.     One  case  of  diphtheria  proved  fatal. 

Beverly. 
There  were  25  cases  of  scarlet-fever  and  no  deaths,  9  cases  of 
diphtheria  and  no  deaths.     The  inhabitants  of  the  town  have  gen- 
erally complied  very  cheerfully  with  the  regulations  of  the  Board. 

Boston. 

The  general  health  of  the  city  during  1890  was  exceptionally 
good.  The  deaths  were  10,181  and  the  death-rate  22.7  per  1,000 
of  the  population,  a  lower  rate  than  that  of  either  1889,  or  the  aver- 
age of  the  previous  ten  years,  notwithstanding  the  fact  that  the 
serious  epidemic  of  influenza  in  January  carried  off  550  people. 
Zymotic  diseases  caused  16.47  per  cent,  of  the  total  mortalit}'. 

The  percentage  of  deaths  of  children  under  five  years  was  32.89, 
the  lowest  since  the  establishment  of  the  present  Board. 

The  most  destructive  causes  of  death  were  in  the  following 
order  :  — 


Phthisis. 
Pneumonia. 
Heart  diseases. 
Cholera  infantum. 


Bronchitis. 

Deaths  from  violence. 

Diphtheria. 
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The  number  of  eases  of  contagious  diseases  reported  to  the 
Board  in  1890  was  4,370  as  compared  with  5,758  in  1889,  and  the 
deaths  from  the  same  were  617  as  compared  with  823  in  1889. 
Scarlet-fever  was  more  prevalent,  measles  and  typhoid  fever  less 
prevalent.     There  was  one  case  only  of  small-pox  ;  not  fatal. 

Tables  are  presented,  giving  the  results  of  house-to-house  inspec- 
tions in  eleven  wards  of  the  city,  the  whole  number  examined  being 
553  ;  the  principal  defects  found  were  bad  odors,  defective  drains 
and  traps,  offensive  water-closets,  vaults  and  cesspools. 

Ninety  houses  were  ordered  to  be  vacated,  of  which  only  22 
were  actually  vacated,  the  remainder  being  put  in  proper  order  by 
owners.  Disinfectants  were  applied  in  over  93,000  places  during 
the  year. 

The  number  of  houses  disinfected,  mostly  on  account  of  occur- 
rence of  infectious  diseases,  was  1,859,  and  the  number  of  rooms 
4,300,  for  which  purpose  about  6  tons  of  sulphur  were  used.  The 
principal  diseases  on  account  of  which  this  was  done  were  diph- 
theria and  scarlet-fever,  1,147  of  the  former  and  656  of  the  latter. 

One  thousand  three  hundred  and  eleven  vaults  and  cesspools 
were  cleansed  and  745  privy-vaults  were  abolished  and  streets 
supplied  with  sewers. 

One  hundred  and  seventy-nine  school-houses  were  inspected 
during  the  year,  the  principal  defect  found  being  lack  of  good 
ventilation. 

A  petition  having  been  received  for  the  abatement  of  an  alleged 
nuisance  caused  by  the  Bay  State  Gas  Works,  the  Board  caused 
an  investigation  to  be  made  by  which  such  nuisance  was  shown  to 
exist.  After  correspondence  with  the  Board  the  gas  company 
introduced  various  appliances  to  remedy  the  evil. 

In  regard  to  the  disposal  of  garbage  the  Board  strongly  recom- 
mends its  cremation  by  families,  by  means  of  the  heat  of  the 
kitchen  fire. 

The  number  of  persons,  male  and  female,  who  used  the  public 
baths  during  the  season  (June,  July,  August  and  September)  was 
nearly  one  million  (988,078). 

An  advanced  case  of  leprosy  arrived  from  Sweden  in  April,  and 
after  detention  at  the  quarantine  station  was  returned  to  Sweden 
under  the  authority  of  the  United  States  laws. 

Two  boys  arrived  from  Surinam  in  June  with  a  history  of 
leprosy  in  the  father.  Their  destination  was  Newton,  and  they 
were  then  placed  under  surveillance.  In  October  one  of  these  boys 
presented  symptoms  of  leprosy  and  they  were  both  returned  to 
Surinam  by  their  guardians. 

The  number  of  persons  vaccinated  by  the  Board  was  3,323,  and 
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1,959  certificates  of  admission  to  the  public  schools  were  given. 
Fifty  cases  of  eruptive  diseases  were  reported  as  small-pox.  On 
examination  only  one  of  them  proved  to  be  small-pox. 

The  report  of  the  inspector  of  animals  at  the  abattoir  shows 
that  28,296  head  of  cattle  were  killed,  37,133  calves,  and  491,406 
sheep,  of  which  33  cattle,  50  calves  and  12  sheep  were  condemned, 
principally  on  account  of  the  following  diseases  :  tuberculosis,  17  ; 
anthrax,  4  ;  septicaemia,  3  ;  and  Texas  fever,  2. 

One  inspector  makes  special  comment  upon  tuberculosis. 
Upon  this  point  he  makes  the  following  comments  :  — 

I  have  made  it  a  special  point  to  examine  rigidly  all  cows,  and  con- 
demn such  as  one  would  feel  justified  in  doing,  under  the  present  knowl- 
edge of  the  ill  effects  of  the  consumption  of  such  flesh.  I  hojoe  the  time 
will  come  when  all  cases  of  tuberculosis  may  be  condemned,  for  recent 
experiments  with  tuberculous  beef  prove  that  the  flesh  contains  the 
bacillus  as  well  as  the  pulmonary  and  glandular  tissue.  Again,  even  if 
it  is  confined  in  the  glandular  tissue,  as  some  suppose,  and  the  flesh 
perfectly  healthy,  the  smaller  glands  are  so  distributed  throughout  the 
body  that  it  would  be  impossible  to  dress  the  animal  without  still  leaving 
some  tuberculous  glandular  tissue. 

I  have  made  it  a  point  to  condemn  all  animals  showing  lesions  on  the 
pleura  and  peritonaeum,  irrespective  of  the  extent  of  the  pulmonary 
lesions.  This  may  seem  mild  to  the  profession,  but  when  it  is  taken 
into  consideration  that  all  cannot  be  condemned,  and  that  the  above 
lesions,  in  the  form  of  tubercles,  lie  next,  to  the  flesh  and  are  eaten  by 
the  community  as  so  much  fat,  it  will  be  seen  that  it  is  a  good  basis  to 
work  on  at  the  present  time.  Of  course,  animals  with  extensive  pul- 
monary lesions  are  condemned,  even  though  they  show  no  lesions 
elsewhere. 

It  has  been  suggested  that  tuberculous  beef  might  have  placed  on  it  a 
tag,  stamping  it  as  such ;  but  it  will  be  seen  that  this  would  simply 
allow  unscrupulous  persons  to  buy  it  cheap,  and  impose  it  on  the  public 
in  the  form  of  mixed  and  canned  meats. 


Table  Y.  —  Percentage  of  Tuberculosis  among  Cattle  inspected. 


Class  of  Animals. 

Number. 

Tuberculosis. 

1.  Whole  number  of  all  kinds. 

28,296 

54 

0.19  per  cent. 

2.  C.'ows  from  eastern  States, 

1,153 

52 

4r.5    percent. 

3.  Oxen, 

- 

1 

- 

4.  Western  cow,    .... 

- 

1 

- 

5.  Old   cows   sent   to    the    dead- 

house,   which    have  died   in 

the  city   and   its    neighbor- 

hood  

116 

12 

10.3    percent 
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From  the  foregoing  table  it  will  be  seen  that  only  one  western  animal 
showed  any  lesions  of  tuberculosis,  and  this  was  a  fine  large  heifer 
dressing  835  pounds.  This  animal  was  condemned.  The  above  table 
presents  features  of  very  great  interest  to  the  people  of  Boston,  for  it 
shows  a  condition  of  the  cattle  that  ought  to  receive  prompt  and  careful 
attention.  When  the  cattle  of  the  United  States  are  considered,  the  per- 
centage of  tuberculosis  is  found  to  be  very  small ;  when  cows  from  the 
eastern  States  are  examined,  a  more  serious  state  of  affairs  is  exposed ; 
but  when  the  condition  of  the  old,  unthi'iftj'  cows  in  the  city  and  neigh- 
borhood is  studied,  and  the  class  of  people  to  whom  their  milk  and  other 
products  are  distributed  are  taken  into  account,  the  subject  becomes  a  very 
serious  one,  and  well  worth  the  immediate  attention  of  our  health  author- 
ities. As  a  prevention  of  the  above  dangers,  I  should  advise  the  exami- 
nation of  all  milch  herds  in  the  city  and  State  semi-annually,  and  the 
condemning  of  such  as  show  lesions  of  tuberculosis.  Though  I  am  a 
firm  believer  in  the  contagiousness  of  and  dangers  from  existing  tuber- 
culosis, I  do  not  believe  that  it  prevails  to  any  such  extent  as  some 
observers  state.  The  statistics  shown  in  Table  V.  are  founded  on  facts 
and  careful  examinations,  followed  by  a  microscopic  examination,  for 
one  year ;  and  when  last  year's  report  is  recalled,  the  tvi^o  wall  be  seen  to 
compare  favorably.  1  believe  the  ^^er  cent,  stated  in  this  table  (that  is, 
about  5  per  cent.)  to  be  sufficiently  serious. 

In  closing,  permit  me  to  refer  to  the  sensational  articles  on  the  preva- 
lence of  this  disease  in  Massachusetts,  from  the  pens  of  those  who  occupy 
conspicuous  positions  in  the  State  where  they  reside.  Professor  Liautard, 
Dean  of  the  Faculty  of  the  American  Veterinary  College  of  New  York, 
and  editor  of  the  "  American  Veterinary  Review,"  on  the  authority  of 
Dr.  Bailey,  State  Veterinarian  of  Maine,  and  others  of  his  friends,  says 
in  an  editorial  in  the  "  Review  "  for  December  last,  that  from  35  to  50 
per  cent,  of  the  cattle  of  Massachusetts  are  tuberculous. 

Dr  Bailey,  State  Veterinarian  of  Maine,  endorses  Dr.  Liautard  in  a 
recent  official  paper,  entirely  ignoring  official  testimony  on  the  subject. 
The  following  will  show  that  Massachusetts  is  not  an  exception  to  any 
other  State.  Dr.  Meiehener,  Inspector  for  New  York  City,  reports  5,000 
cows  fi'om  about  the  city,  as  follows :  1,379  head  of  unthi-ifty  animals 
from  parts  known  to  be  tuberculous,  11  pei*  cent  ;  balance  of  the  5,0U0 
at  from  4  to  5  per  cent.     These,  as  will  be  seen,  agree  with  mj^  statistics, 

Dr.  Bryden  estimates  the  percentage  of  tuberculous  cows  in  Massa- 
chusetts at  about  5  per  cent  ;  other  cattle  at  about  2  per  cent.  He 
excepts  old  cows  in  the  neighborhood  of  cities,  which  will  show  a  larger 
percentage,  according  as  they  are  closely  weeded  out  or  not. 

Dr.  Becket's  views  are  similar  to  the  above,  and  I  believe  their  esti- 
mates to  be  correct. 

Bradford. 

The  nuisances  have   been   abated  by  the   owners  of  property 

sometiaies  willingly,  and    sometimes    unwillingly,  but  they  have 

been    abated.      The    board   is   unable    to  determine  why  a  man 

should  be  reluctant  to  put  into  a  condition  safe  for  occupancy 
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premises  owned  by  him  but  rented  to  another  party  ;  still  the  fact 
remains  that  our  most  unpleasant  work  has  been  to  compel  some 
men  to  do  what  common  decency  and  a  regard  for  their  fellow 
creatures  of  smaller  means  should  have  caused  them  to  do  without 
warning. 

We  would  urge  upon  the  townspeople  this  thought :  You  cannot 
be  too  careful  in  regard  to  the  disposal  of  your  sewage  and  the 
plumbing  in  your  houses,  and  if  you  will  receive  the  suggestions 
of  this  board  in  the  kindly  spirit  in  which  they  are  given,  a  task 
disagreeable  at  best  will  be  somewhat  lightened. 

There  have  been  reported  to  the  board  during  the  year  24  cases 
of  contagious  or  infectious  disease  as  follows  :  — 

Diphtheria,  13  ;  scarlet-fever,  3  ;  measles,  3  ;  typhoid  fever,  5. 
Of  this  number  but  2  died  :  1  from  diphtheria  and  1  from  typhoid 
fever.  The  greatest  care  was  taken  by  the  board  to  investigate 
each  case,  placard  the  house,  correct  any  sanitary  defects  and 
advise  in  regard  to  other  disinfection.  To-day  there  are  2  cases 
of  contagious  disease  in  town. 

The  work  of  the  agent  has  been  laborious  and  the  compensation 

much  too  small. 

Brockton. 

During  the  year,  467  deaths  were  reported  within  the  limits  of 
our  city,  an  increase  from  1889  of  56. 

With  a  population  of  27,278,  the  death-rate  for  the  year  is 
17.12  for  every  1,000  of  the  population. 

Contagious  diseases  reported  during  the  year  :  diphtheria,  47  ; 
scarlet-fever,  13;  scarlatina,  14;  measles,  12;  total,  86. 

The  need  of  a  system  of  sewage  disposal  is  too  apparent  to 
every  one  to  require  a  single  argument ;  but  the  satisfactory  dis- 
posal of  this  large  amount  of  waste  matter  of  the  city  is  a  ques- 
tion that  will  bear  the  most  thorough  investigation. 

Any  plan  that  may  be  adopted  must  purify  the  sewage  so  that 
the  effluent  will  do  no  harm  when  it  finds  its  way  into  the  neigh- 
boring streams,  especially  so  if  the  streams  are  a  source  of  domes- 
tic water  supply. 

Cambridge. 

Special  prominence  is  given  in  the  report  to  certain  offensive 
trades  existing  in  the  city  limits,  especially  the  slaughter  house 
near  Fresh  Pond,  another  on  Portland  Street  and  the  great 
slaughtering  and  rendering  works  in  the  border  of  East  Cam- 
bridge and  Somerville.  The  importance  of  conveying  the  sewage 
of  the  latter  to  the  metropolitan  sewer  is  emphasized. 

The  Eleventh  Census  of  the  United  States  places  the  population 
of  Cambridge  at  70,028. 
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The  mortality  for  the  year,  based  on  these  figures,  was  17.05 
per  1,000  persons  living. 

There  were  reported  during  the  year  157  cases  of  diphtheria,  a 
decrease  of  194  cases  from  the  previous  year  ;  189  cases  of  scarlet- 
fever,  an  increase  of  73  cases  from  the  previous  year ;  and  76 
cases  of  typhoid-fever,  a  decrease  of  124  cases  from  the  previous 
year.  Though  the  cases  of  typhoid  fever  have  been  few  during 
1890  we  must  not  be  lulled  into  content  with  any  fancied  security, 
but  must  strive  for  a  regular,  thorough  inspection  of  our  water 
supply  from  its  sources  to  its  final  distribution.  And  this  applies 
with  peculiar  force  to  Stony  Brook  and  to  the  water-shed  from 
which  its  tributaries  arise. 

In  recent  years  a  number  of  epidemics  of  typhoid  fever  have 
been  traced  to  the  milk  supplied  from  farms  where  this  disease 
existed.  Last  July  the  attention  of  the  board  was  called  to  a  milk 
dealer's  place  in  Cambridge,  where  a  case  of  typhoid  fever  existed. 
The  patient  was  being  nursed  by  a  woman  who  was,  in  addition  to 
her  duties  about  the  sick  person,  engaged  in  milking  the  cows  and 
washing  the  cans.  This  dangerous  combination  occurring  within 
their  jurisdiction,  the  board  was  able  to  interfere  and  put  a  stop 
to  such  proceedings  ;  but  let  such  a  case  happen  at  one  of  the  dairy 
farms  outside  of  Cambridge  (and  who  shall  say  it  may  not  occur 
at  any  moment),  and  every  one  supplied  with  milk  from  this 
farm  is  in  imminent  danger.  It  is  not  enough  for  us  to  know  that 
the  most  scrupulous  cleanliness  is  exercised  about  everything  that 
comes  in  contact  with  the  milk.  We  should  also  have  information 
whenever  there  is  a  case  of  typhoid  fever  at  the  farm  from  which 
the  milk  comes,  and  power  to  prohibit  the  sale  of  this  milk  in  our 
city,  unless  such  precautions  are  taken  at  the  farm  as  the  board 
may  see  fit  to  impose. 

Canton. 

Seventy-two  complaints  for  nuisance  have  been  filed.  On  all  of 
these  cases  abatements  were  immediately  ordered  and  were,  with 
one  exception,  promptly  complied  with.  In  this  case  we  were 
informed  by  the  party  complained  of  that  one  of  the  selectmen 
advised  him  to  let  the  nuisance  remain,  to  wit,  to  allow  a  sink 
drain  to  run  into  the  public  highway. 

The  number  of  cases  of  infectious  or  contagious  diseases  were  : 
scarlet-fever,  2 ;  diphtheria,  5 ;  typhoid  fever,  5 ;  membranous 
croup,  3;  and  measles,  217;  total,  232.  Deaths  resulting  there- 
from, 3. 

Chelsea. 

The  number  of  deaths  from  diphtheria,  scarlet-fever  and  typhoid 
fever  is  29  per  cent,  less  than  in  1889,  and  54  per  cent,  less  than 
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in  1888.  This  shows  a  marked  decrease  in  two  years  in  what  are 
termed  preventable  diseases,  and  is,  to  a  certain  extent,  an  indi- 
cation of  the  sanitary  condition  of  the  city. 

We  repeat,  however,  what  we  have  taken  occasion  to  say  in 
substance  in  previous  reports,  that  it  should  be  kept  constantly  in 
mind  that  no  city  can  maintain  a  fair  sanitary  condition  except  by 
the  constant  vigilance  of  its  health  authorities  and  the  intelligent 
co-operation  of  all  its  citizens. 

Thirty-two  cases  of  diphtheria,  48  cases  of  scarlet-fever,  10 
cases  of  typhoid  fever  and  1  case  of  small-pox  have  been  reported 
to  us  during  the  year.  We  are  quite  sure  that  all  the  cases  of 
typhoid  fever  have  not  been  reported. 

Chicopee. 

The  most  noticeable  event  of  the  year  is  the  largely  increased 
mortality  over  preceding  years.  That  this  has  not  been  due  to 
any  local  cause  is  clearly  manifest  when  we  read  the  reports  of 
other  cities  and  towns.  The  epidemic  of  last  winter,  though  not 
attended  with  marked  mortality  at  the  time,  was  very  far-reaching 
in  its  final  results.  Many  invalids  and  people  with  weakened 
vitality  yielded  to  its  influence.  It  was  an  especially  potent  fac- 
tor in  the  production  of  pulmonar}^  and  bronchial  affections, 
which  greatly  increased  the  mortality  of  the  summer  months.  It 
respected  neither  age,  sex  nor  previcus  condition  of  health.  It 
knew  no  nationality ;  it  showed  no  partiality. 

Three  hundred  and  forty-eight  deaths  were  recorded  in  the  town 
during  the  year  1890;  or  a  ratio  of  24.85  persons  in  1,000,  based 
upon  a  population  of   14,000. 

Zymotic  Diseases. — Diphtheria,  9;  diphtheria  or  membranous 
croup,  7;  cerebro-spinal  meningitis,  2;  typhoid  fever,  11;  diar- 
rhoea, 5  ;  cholera  infantum,  33  ;  puerperal  fever,  2  ;  influenza,  2  ; 
erysipelas,  1 ;  gangrene,  1  ;  measles,  4. 

Clinton. 

The  following  cases  of  dangerous  diseases  were  reported  to  the 
board  as  occurring  in  town  between  February,  1890,  and  Feb- 
ruary, 1891  :  dysentery,  1  ;  cerebro-spinal  meningitis,  1  ;  measles, 
1  ;  typhoid  fever,  10;  diphtheria,  12. 

An  epidemic  of  scarlet-fever  prevailed  during  the  whole  year. 
Whole  number  of  cases  reported,  201.  February,  4;  March,  5; 
April,  2  ;  May,  6  ;  June,  5  ;  July,  10  ;  August,  22  ;  September, 
11;  October,  28;  November,  47;  December,  30;  January,  29; 
number  of  deaths,  6. 
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Cottage  City. 

I  have  but  one  case  reported  by  the  physicians  of  any  conta- 
gious disease  for  the  past  year,  this  being  an  exception  to  all 
previous  records. 

The  list  of  nuisances  is  larger  than  any  previous  year.  This 
marked  increase  in  the  number  of  complaints  received  and  investi- 
gated is  not  because  nuisances  are  becoming  more  frequent,  but 
for  the  reason  that  notice  is  now  taken  of  the  slightest  sanitary 

defects. 

Everett. 

Four  hundred  and  six  complaints  have  received  our  attention 
during  the  past  year,  against  299  in  the  year  1889. 

The  importance  of  sewerage  having  been  recognized  by  our  cit- 
izens, the  town,  in  compliance  with  their  wishes,  has  begun  and 
nearly  completed  its  first  system  of  sewerage. 

Number  cases  scarlet-fever   in  1890,  114,  against  63  in  1889. 
"  "      typhoid  fever  "      "         9,        "      35  "      " 

"      diphtheria        "      "        17,        "     107  " 
"  "      measles  "      "         4,        "      43  "      ." 

When  we  consider  our  population  of  over  11,000  people  with 
only  17  cases  of  diphtheria  for  the  year,  we  feel  justified  in  speak- 
ing in  the  highest  terms  of  the  improvement  in  the  sanitary  condi- 
tion of  our  town.  Most  of  the  cases  of  scarlet-fever  have  been 
mild  and  of  short  duration. 

The  ratio  of  death  from  contagious  diseases  is  very  small  in 
comparison  with  the  number  of  deaths  from  other  causes. 

Fall  River. 

We  have  thirty-five  and  one-third  miles  of  sewers  and  sixty- 
three  miles  of  water  pipe  running  underneath  our  streets.  The 
large  quantity  of  water  pumped  from  the  pond  has  to  find  its  way 
to  the  river  by  the  outlets  of  these  sewers,  or  to  remain  in  pools 
of  filthy  water  soon  to  become  stagnant  and  thereby  circulate  the 
germs  of  typhoid  fever  and  diarrhoeal  diseases  ;  therefore  we  feel 
that  by  increasing  the  number  of  outlets  the  amount  of  sickness 
and  fatality  from  these  causes  will  be  correspondingly  lessened. 

If  small-pox  once  secures  a  foothold  in  Fall  River  the  mortality 
will  be  enormous  ;  therefore  we  would  impress  upon  the  minds  of 
parents  the  necessity  of  having  their  children  properly  vaccinated. 

The  clerk  of  the  board  of  health  has  successfully  vaccinated 
914  applicants  during  the  year. 

The  number  of  cases  of  contagious  diseases  reported  to  the 
board  of  health  for  the  year  1890  was  407,  against  633  for  1889. 
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The  total  number  of  deaths  from  the  same  diseases  was  75,  against 
103  in  1889. 

Diphtheria.  —  There  were  87  cases  reported  and  26  deaths, 
against  42  cases  reported  and  15  deaths. 

Scarlet-fever. — There  were  56  cases  reported  and  2  deaths, 
against  185  cases  reported  and  34  deaths. 

Typhoid  fever.  —  There  were  210  cases  reported  and  45  deaths, 
against  258  cases  reported  and  46  deaths. 

Measles.  — There  were  54  cases  reported  and  two  deaths,  against 
148  cases  and  46  deaths. 

FiTCHBURG. 

All  physicians  are  furnished  with  printed  cards  so  arranged  that 
the  work  of  reporting  is  made  easy.  Upon  the  receipt  of  one  of 
these  cards  by  the  chairman  the  facts  contained  thereon  are 
recorded  in  a  book  especially  provided  for  the  purpose.  The 
house  where  the  sickness  exists  is  visited  by  the  agent,  its  sani- 
tary arrangements  and  convenience  for  isolation  investigated. 
Inquiry  is  made  as  to  the  probable  source  of  contagion,  the  pres- 
ence of  existing  cases  in  the  neighborhood  and  the  number  of 
scholars  in  the  family,  with  the  schools  they  attend.  Public  library 
and  school  books  in  the  family  are  taken  and  disinfected  and 
returned  to  their  respective  places.  In  cases  of  scarlet-fever  and 
diphtheria  printed  directions  concerning  isolation  and  disinfection 
are  left  with  the  family.  The  agent  informs  the  superintendent 
of  the  schools  of  the  name  and  residence  of  the  patients  and  the 
different  schools  attended  by  the  children  of  the  family.  Upon 
the  termination  of  the  case  the  premises  are  disinfected  accoixling 
to  the  printed  instructions.  If  the  case  ends  fatally  the  board 
requires  the  funeral  to  be  private  and  the  body  to  be  conveyed  in 
a  hearse  for  bui'ial.  Such,  in  brief,  is  the  routine  pursued  in  a 
case  of  contagious  disease. 

The  number  of  deaths '  from  diseases  which  physicians  are 
required  to  report  to  this  board  is  given  in  the  following  table  :  — 


Cases 
Reported. 

Died. 

Scarlet-fever, 

Diphtheria, 

Croup, 

Measles, 

Typhoid  fever,       ...... 

110 

12 

2 

5 

19 

11 
5 
2 

0 
4 

Total, 

148 

22 
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Franklin. 

There  have  been  reported  to  us  seventeen  cases  of  scarlet-fever, 
two  of  diphtheria  and  two  of  measles,  in  all  of  which  due  pre- 
cautions were  enjoined  to  prevent  exposure.  Nearly  all  the  cases 
of  scarlet-fever  have  been  of  a  mild  type,  which,  considering  the 
number  of  cases  and  the  various  localities  in  which  they  occurred, 
plainly  indicates  —  when  taken  in  connection  with  the  absence  of 
other  diseases  frequently  produced  by  local  causes  —  that  the 
general  sanitary  condition  of  the  town  has  been  good.  But  to 
maintain  this  desirable  condition,  especially  in  localities  where  our 
increasing  population  is  already  becoming  dense,  it  is  plain  to 
us  that  some  more  effectual  means  of  sewerage  must  be  provided 
for  the  disposal  of  house  drainage. 

From  investigations  made  we  find  a  large  number  of  children 
under  six  and  seven  years  of  age  who  have  not  been  vaccinated, 
much  to  the  danger  of  the  community  from  an  invasion  of  small- 
pox. In  one  primary  school  we  found  thirty-one  scholars  out  of 
forty-two  that  had  never  been  vaccinated,  which  leads  us  to  think 
that  over  fifty  per  cent,  of  the  children  of  the  ages  previously 
mentioned  are  in  an  unprotected  condition. 

Gardner. 

When  we  were  chosen  at  the  March  meeting,  we  had  reason  to 
believe  that  the  town  would  proceed  with  the  adoption  and  build- 
ing of  a  system  of  sewage  disposal ;  but,  at  the  same  meeting,  its 
rejection  by  a  large  majority,  showed  clearly  that  the  scheme  pre- 
sented was  not  satisfactory  to  the  voters.  The  board  thereupon 
held  a  meeting,  and,  after  full  deliberation,  decided  that  its  plain 
duty  was  to  thoroughly  enlighten  the  citizens  upon  the  serious 
condition  of  the  more  thickly  populated  parts  of  the  town,  result- 
ing from  the  absence  of  the  proper  means  for  disposal  of  sewage 
and  other  waste,  and,  by  assuming  some  authority,  endeavor  in 
public  meeting,  to  have  some  plan  agreed  upon  that  would  be 
reasonably  free  from  the  various  objections  made,  and  would 
successfully  appeal  to  the  town. 

The  plan  proposed  was  heartily  endorsed,  and  the  town  at  the 
April  meeting,  accepted  and  adopted  it,  and  chose  the  board  of 
sewer  commissioners. 

At  the  close  of  the  year,  the  North  Main  street  sewer  section  is 
practically  finished,  and  the  main  filter  beds  well  under  way. 

Deaths  from  contagious  diseases :  diphtheria,  13 ;  typhoid 
fever,  4;  measles,  2;  total,  19. 
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Gloucester. 

The  city  rejected  the  acceptance  of  a  sewerage  system  at  the 
recent  election  ;  this  compels  attention  to  a  subject  which  is  daily 
becoming  more  serious,  namely  :  How  shall  we  dispose  of  the 
contents  of  sink  and  privy  vaults  ?  It  has  been  the  custom  to 
deposit  them  upon  certain  farm  lands  near  the  city ;  places  of 
deposit  becoming  scarce  the  overseers  of  the  poor  consented,  on 
certain  conditions,  not  to  object  to  our  using  a  place  upon  the  poor 
farm,  near  the  Annisquam  River,  as  a  dumping-ground. 

The  day  is  soon  coming  when  dumping-grounds  near  the  city 
must  cease  to  exist,  and  to  judge  from  the  complaints  entered  we 
think  that  day  is  almost  here.  What  shall  be  done?  If  the  city 
had  voted  for  sewerage  the  problem  would  have  been  solved  ;  this 
was  not  done  and  it  only  remains  to  suggest  an  expedient  which 
would  bear  thorough  investigation. 

The  general  health  of  the  city  in  1890  was  good  as  shown 
by  the  death-rate,  and  by  other  sources  of  information. 

The  number  of  cases  of  contagious  diseases  reported  to  the 
board  was  157,  viz.  :  scarlet-fever,  99;  diphtheria,  42;  typhoid 
fever,  16. 

Haverhill. 

The  number  of  deaths  during  the  year  is  518,  which  is  100 
more  than  in  the  preceding  year,  and  36  more  than  in  1888.  The 
census  population  for  1890  is  27,322,  giving  a  death-rate  of  18.96. 
In  1889  the  population  of  the  city  was  estimated  at  25,000,  and 
the  death-rate  per  1,000  of  the  population  was  16.61,  or  2.35  less 
than  last  year.  We  had  hoped  to  present,  as  in  previous  years,  a 
considerably  reduced  death-rate,  but  the  occurrence  of  epidemic 
influenza  which  began  to  manifest  itself  in  the  latter  part  of  1889, 
and  the  very  great  increase  of  humidity  have  frustrated  these 
hopes.  Although  the  fatality  directly  attributable  to  influenza  is 
not  large,  yet  a  great  part  of  the  mortality  from  all  the  local 
diseases  is  undoubtedly  due  to  its  attendant  complications. 

Of  the  whole  number  of  deaths  those  which  are  usually  classed 
as  zymotic  numbered  118,  or  22.78  per  cent.,  which  was  6.28  per 
cent,  greater  than  that  of  1889. 

There  were,  during  the  year,  178  cases  of  contagious  diseases 
reported  to  the  board.  Compared  with  1889,  diphtheria  shows  an 
increase  of  69  cases  and  22  deaths  ;  typhoid  fever  an  increase  of 
2  cases  and  3  deaths,  and  measles  a  decrease  of  288  cases  reported 
and  no  deaths.  Scarlet-fever,  which  for  various  reasons  is  the 
most  difficult  disease  to  control  of  any  with  which  we  have  to  con- 
tend, shows  an  increase  of  15  cases  and  5  deaths. 
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HOLYOKE. 

The  city  has  fortunately  escaped  during  the  past  year  the 
extensive  prevalence  of  any  of  the  infectious  diseases. 

Whooping-cough,  which  prevailed  very  extensively  the  preceding 
year,  has  almost  disappeared  during  the  past  year.  There  have 
been,  too,  very  few  cases  of  measles.  Scarlet-fever  and  diphtheria 
have  appeared  here  and  there  during  almost  all  the  year,  but  at  no 
time  have  there  been  very  many  cases  nor  many  in  the  same 
locality.  Typhoid  fever  has  prevailed  to  some  extent  but  •  not 
more  so  than  ordinarily  and  it  was  of  moderately  severe  type. 
We  have  been  foi'tunate  in  escaping  small-pox  during  the  year, 
but  while  our  hospital  for  this  is  always  ready  it  were  wise  if  more 
precautions  were  taken  in  the  way  of  vaccination  and  thus  fore- 
stall its  spread  in  case  of  its  appearance.  The  city  has  fortunately 
been  spared  the  outbreak  of  a  single  case  of  small-pox  during  the 
past  year. 

Eternal  vigilance,  however,  is  the  price  of  safety,  and  we  can- 
not too  strongly  urge  the  necessity  of  general  vaccination 
throughout  the  city  as  the  only  safeguard  against  this  pestilent 
visitor. 

It  is  now  several  years  since  a  general  vaccination  of  the  city 
was  made  ;  a  great  number  must  have  since  become  residents  here 
who  have  never  been  vaccinated  ;  the  number  of  children  since 
born  here  and'  as  yet  unprotected  by  vaccination  must  be  very 
great,  as  well  as  the  number  of  children  coming  here  from  other 
places  where  vaccination  is  not  enforced  ;  and  therefore  we  deem 
it  most  urgent  that  means  be  provided  us  for  the  prosecution  of 
this  work  early  in  the  coming  year. 

The  shifting  character  of  a  large  part  of  our  population  and  the 
importation  from  all  quarters  of  the  globe  of  rags  for  our  paper 
mills  are  special  reasons  why  Holyoke  should  take  extraordinary 
precautions  against  small-pox. 

Hudson. 

During  the  year  20  cases  of  diphtheria,  7  cases  of  scarlet-fever 
and  2  cases  of  measles  have  been  reported  to  the  board. 

Recent  scientific  research  has  led  to  the  belief  that  consumption 
is  a  contagious  disease,  common  to  both  men  and  animals,  and 
communicable  by  the  use,  as  food,  of  the  milk  or  flesh  of  tuber- 
culous cattle.  Owing  to  the  great  importance  of  the  matter,  as 
regards  consumption  and  its  communicability  from  animals  to  men, 
by  the  use  of  milk  and  flesh,  it  is  hoped  that  all  owners  of  cattle 
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and  others  concerned,  will  exercise  proper  vigilance  in  respect  to 
sick  animals,  by  reporting  to  the  board  for  inspection  by  competent 
persons,  any  suspected  cases  of  disease,  or  cases  not  thoroughly 
understood,  that  there  may  be  no  risk  of  the  spread  of  so  dread  a 
disease  as  consumption  by  causes  that  may  be  remedied. 

Hyde  Park. 

The  general  health  of  the  town  has  been  good. 

There  has  been  no  epidemic  of  diseases  during  the  year. 

Our  citizens  are  giving  greater  attention  to  sanitary  appliances 
and  measures,  and  with  beneficial  results. 

In  all  cases  of  diphtheria,  typhoid  fever  and  scarlet-fever 
reported  to  the  board,  placards  have  been  displayed  and  the 
premises  have  been  thoroughly  disinfected  by  order  of  the  board. 

The  number  of  contagious  diseases  reported  to  the  board  for 
the  year  1890,  has  been  as  follows  :  — 


Diphtheria,     . 
Scarlet-fever, 
Typhoid  fever, 
Cynanche  trachealis. 

Measles, 


60  cases  with  21  deaths. 

7  eases  with    0  deaths. 
38  cases  with    6  deaths. 

1  case   with    1  death. 

4  cases  with    0  deaths. 


Lynn.  „ 

The  board  has  given  much  of  its  time  and  attention  to  the 
enforcement  of  the  statutes  requiring  the  entrance  of  all  estates 
bordering  on  a  line  of  the  public  sewer,  and  the  work  performed 
by  the  inspectors  in  this  direction  has  been  most  satisfactory,  three 
hundred  and  seventy-five  permits  having  been  granted  to  enter  the 
sewer  within  the  year. 

The  whole  number  of  sick  cases  reported  to  the  board  from  the 
western  district  has  been  201,  with  7  from  the  hospital;  34  were 
typhoid  fever,  107  scarlet-fever,  51  diphtheria  and  16  were  measles. 
Males  110;  females  91. 

The  total  number  of  deaths  which  occurred  during  the  year 
1890  was  947.  With  a  population  of  55,717  (national  census) 
the  death-rate  would  be  16.99,  only  .05  more  than  in  1889,  not- 
withstanding the  increased  mortality  caused  by  the  epidemic  of 
influenza  during  the  months  of  January,  February  and  March. 
The  largest  monthly  mortality  was  in  January,  when  the  number 
of  deaths  reached  110.  Of  this  number,  pneumonia  caused  34 
and  consumption  20.  There  were  488  deaths  among  males  and 
359  amons;  females. 
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Nuraber  of  Cases  of  Contagious  Diseases  reported^  and  Mortality. 


Keported. 

Died. 

Diphtheria, 

Scarlet-fever,          ...... 

Typhoid  fever, 

1«0 

176 

59 

2,1 

5 

11 

Malden. 

During  the  past  year  there  has  been  no  unusual  amount  of 
sickness.  Diseases  of  a  contagious  or  infectious  character  have 
been  of  a  mild  type  in  most  cases,  and  have  not  at  any  time 
threatened  to  become  epidemic. 

About  one-half  of  the  vfhole  number  of  cases  of  diphtheria 
reported  to  the  board  have  been  within  the  limits  of  ward  6,  and 
were  largely  in  one  small  locality. 

Number  of  contagious  diseases  reported  during  the  year :  diph- 
theria, 67  ;  scarlet-fever,  67  ;  measles,  35  ;  typhoid  fever,  30. 

Maynakd. 

While  we  are  pleased  to  note  the  great  benefit  derived  from  the 
introduction  of  a  system  of  pure  water  into  our  town,  we,  on  the 
other  hand,  must  not  lose  sight  of  another  important  fact  which 
has  a  decided  bearing  upon  the  public  health. 

The  introduction  of  water  works  eventually  increases  the  dan- 
ger, unless  accompanied  by  a  system  of  sewerage.  The  example 
that  nature  affords  us  of  supplying,  with  every  arter}^  that  carries 
pure  blood  to  the  Various  organs  of  the  body,  a  vein  in  which  the 
impure  blood  returns,  should  be  followed  by  every  town  or  city 
when  it  introduces  a  system  of  water  supply. 

Of  course  the  subject  of  sewerage  for  our  town,  at  the  present 
time,  is  out  of  the  question,  but  until  sewerage  is  established, 
particular  attention  must  be  paid  to  the  construction  and  care  of 
cesspools,  vaults  and  out-houses. 

There  has  been  no  epidemic  of  a  fatal  nature  in  our  town  dur- 
ing the  year.  Typhoid  fever  has  prevailed,  perhaps,  to  a  greater 
degree  than  in  former  years. 

Medford. 

The  health  work  throughout  the  town  is  rapidly  increasing,  and 
each  day  it  becomes  more  and  more  imperative  that  it  be  attended 
to  properly  and  without  delay. 

At  the  time  this  board  was  organized  the  sanitary  needs  of  the 
town  were  few  and  the  statutes  required  little.     To-day  it  is  far 
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different.  The  statutes  bearing  upon  sanitary  measures  are  con- 
stantly becoming  enlarged  as  well  as  more  exacting.  The  citizens, 
realizing  the  importance  of  public  hygiene,  expect  a  great  deal 
more  of  the  health  officials  than  formerly. 

In  Medford  there  is  the  most  urgent  need  of  careful  and  faithful 
sanitary  work. 

Much  attention  should  be  given  to  the  proper  plumbing  of  dwell- 
ings, disposal  of  waste  and  filth,  in  the  examination  of  cattle,  and 
the  inspection  of  milk  and  food  supplies. 

Nineteen  cases  of  scarlet-fever  have  been  reported.  Of  this 
number  one  case  was  fatal.  This  is  the  only  death  from  this  dis- 
ease reported  as  occurring  in  the  town  for  two  years. 

Typhoid  fever  has  not  pi'evailed  to  any  extent  since  the  summer 
of  1889.  Last  year  15  cases  of  this  disease,  with  1  death,  were 
reported. 

Measles  have  prevailed  to  some  extent  the  past  year,  but  a 
great  many  cases  occur  which  are  not  attended  by  a  physician,  and 
thus  are  not  reported.  Much  more  care  should  be  observed  by 
parents  in  such  cases. 

Fifty-two  cases  of  diphtheria  have  been  reported.  Of  this 
number  5  were  fatal.  The  board  has  endeavored  to  do  all  it  could 
to  prevent  the  spread  of  the  disease,  which  is  certainly  increasing 
year  by  year.  In  the  majority  of  cases  the  plumbing  and  sanitary 
arrangements  were  carefully  inspected  ;*  and  in  all  cases  the  prem- 
ises were  required  to  be  thoroughly  fumigated.  The  board  still 
follows  the  custom  established  some  years  ago  of  requiring  a 
placard  to  be  placed  upon  the  infected  premises. 

A  statement  relative  to  the  occurrence  of  cases  of  contagious 
disease  (tuberculosis  and  pleuro-pneumonia)  among  the  cows  at 
the  establishment  of  Mr.  R.  A.  Lane,  a  milk-producer  doing  busi- 
ness in  Medford,  appears  in  the  report. 

The  extremely  unfavorable  conditions  for  the  production  of 
good  and  wholesome  milk  existing  at  this  place  were  made  the 
subject  of  comment  in  the  report  of  the  State  Board  of  Health 
for  1883  (Supplement,  page  103).  It  would  appear  that  but 
little  if  any  improvement  has  been  made  since  that  time. 

Melrose. 

Over  one  hundred  nuisances  have  been  investigated  by  the  board 
of  health.  These  have  consisted  of  defective  sink  drains,  over- 
flowing and  offensive  cesspools,  filthy  privy  vaults,  foul-smelling 
pig-pens,  and  premises  where  filth  and  rubbish  had  been  allowed 
to  collect  and  to  become  offensive  to  the  nei2;hborhood.     One  hun- 
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dred  notices  have  been  served,  and  four  second  notices.  In  most 
instances  personal  suggestions  have  been  willingly  carried  out,  and 
in  only  two  cases  has  the  board  been  obliged  to  'summon  persons 
to  court. 

Many  portions  of  Melrose,  now  becoming  thickly  settled,  could 
well  dispense  with  those  unmitigated  nuisances,  the  old-fashioned 
privy  and  the  pig-pen,  that,  at  least,  one  might  sleep  at  night  with 
open  windows  without  the  danger  of  breathing  the  offensive  odors 
that  arise  from  these  sources. 

The  number  of  cases  of  contagious  diseases  reported  to  the 
board  of  health  for  the  year  was  65,  as  follows  :  diphtheria,  17  ; 
scarlet-fever,  36 ;  typhoid  fever,  10 ;  measles,  1  ;  membranous 
croup,  2. 

MiLLBURT. 

In  the  month  of  July  the  attention  of  the  board  was  called  by 
the  State  Cattle  Commissioners  to  a  case  of  glanders  in  a  horse  in 
the  outskirts  of  the  town.  Acting  under  the  instructions  of  the 
Cattle  Commissioners,  we  caused  the  diseased  horse  to  be  killed 
and  safely  buried,  and  the  infected  premises  cleansed  and  disin- 
fected.    No  extension  of  the  disease  occurred. 

Eleven  cases  of  diphtheria  have  been  reported  to  the  board  dur- 
ino-  the  year.     No  other  contagious  diseases  have  been  reported. 

The  board  believes  it  for  the  advantage  of  the  town  that  its 
board  should  join  the  "Massachusetts  Association  of  Boards  of 
Health,"  whose  objects,  as  stated  in  its  constitution,  are,  "the 
advancement  of  sanitary  science  in  the  State  of  Massachusetts, 
the  promotion  of  better  organization  and  co-operation  in  the  local 
boards  of  health,  the  uniform  enforcement  of  sanitary  laws  and 
regulations  ;  "  and,  since  the  board  serves  without  pay,  it  seems 
right  that  any  expense  attendant  upon  membership  should  be  met 
by  the  town. 

The  action  of  the  town  at  the  town  meeting  holden  in  January 
indicates  that  a  board  of  health  is  regarded  as  a  permanent  insti- 
tution. 

Nahant. 

The  town  has  enjoyed  another  year  of  almost  entire  immunity 
from  dangerous  contagious  diseases.  But  two  cases  were  reported 
to  the  board,  and  in  both  of  these  the  patients  recovered. 

A  careful  examination  was  made  of  all  houses  and  sewer  con- 
nections. In  the  more  densely  populated  portion  of  the  town, 
especially  during  the  summer  season,  there  has  been  an  inspection 
of  the  houses  and  premises  twice  a  month.     In  the  whole  town, 
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fifty-one  houses  and  seventy-five  vaults  were  found  in  some  way 
defective.  Tlie  suggestions  for  improvement,  made  by  the  health 
officer,  have  been  favorably  received,  our  citizens  realizing  that 
the  alterations  recommended  are  for  their  own  good  as  well  as  for 
the  community  in  general. 

Needhabi. 

Of  the  contagious  and  infectious  diseases,  diphtheria,  scarlet- 
fever,  typhoid  fever  and  measles  prevailed  to  a  slight  extent  during 
the  year,  but  at  no  time  did  they  become  epidemic.  While  there 
has  been  no  change  in  the  relative  number  of  cases  of  scarlet-fever 
from  last  year  (many  cases  being  reported  as  "scarlatina,"  but 
all  being  classed  as  scarlet-fever),  the  number  of  cases  of  typhoid 
fever  has  increased  by  two,  and  that  of  diphtheria  one,  which  ter- 
minated fatally. 

The  following  table  will  show  the  total  number  of  these  diseases 
reported  for  the  year  :  — 


Scarlet-fever, 
Typhoid  fever, 
Measles, 


20 
3 
2 


Diphtheria, 
Total, 


26 


As  in  previous  years,  the  keeping  of  swine  in  the  town  is  the 
chief  source  of  complaint,  and  the  board  has  found  it  necessary 
to  perform  the  unpleasant  duty  of  appealfng  to  the  court  to  abolish 
two  piggeries  after  all  other  measures  had  failed,  and  unless  other 
parties  in  the  same  employment  use  more  care  in  conducting  this 
branch  of  their  business  future  boards  will  be  obliged  to  pursue 
the  same  stringent  measures  to  protect  the  public  from  this  nui- 
sance. For  the  farmer  this  pursuit  is  profitable,  but  to  the  growth 
of  the  town  it  is  detrimental ;  the  interest  of  both  is  mutual. 

Nortec  Adams. 
During  the  past  year  the  town  has  been  unusually  free  from  con- 
tagious diseases.     The  following  table  shows  a  comparison  with 
the  previous  years  :  — 


1888-89. 

1889-90.          1 

1890-91. 

Cases 
Reported. 

Fatal. 

Cases 
Keported. 

Fatal. 

Cases 
Reported. 

Fatal. 

Tyijhoid  fever, 

114 

16 

!       30 

5 

11 

5 

Scarlet-fever,  , 

28 

0 

70 

U 

1^ 

5 

Diphtheria, 

2 

2 

7 

5 

6 

1 
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Nuisances  ordered  abated,  151. 

The  question  of  providing  suitable  sewers  for  the  south  part  of 
the  village,  and  particularly  that  part  known  as  the  "swamp,"  will 
doubtless  come  before  the  town  at  this  annual  meeting. 

The  deaths  among  the  pupils  in  public  schools  have  been  greatly 
diminished,  although  at  the  same  time  the  number  of  pupils  has 
nearly  doubled. 

In  the  early  years  given  in  the  table  there  were  many  cases  of 
diphtheria  and  fevers,  such  as  would  be  likely  to  result  from  over- 
crowding and  bad  ventilation.  There  are  now  very  few  of  such 
cases. 

North  And  over. 

There  have  been  an  unusual  number  of  cases  of  diphtheria 
reported  to  the  board  during  the  past  year.  This  same  disease 
was  very  prevalent  here  in  1889,  and  the  board  would  respectfully 
recommend  that  all  drains  from  sinks,  cesspools  and  vaults  be 
carefully  examined  before  the  coming  summer. 

Plymouth. 

During  the  year  1890  there  have  been  19  deaths  from  consump- 
tion, and  4  from  typhoid  fever. 

The  number  of  cases  of  typhoid  and  scarlet-fever  and  diphtheria 
reported  to  the  board  for  the  year  are  as  follows  :  typhoid  fever, 
17;  scarlet-fever,  1;  diphtheria,  2. 

This  shows  an  alarming  increase  in  the  number  of  cases  of 
typhoid  fever,  and  the  board  would  call  the  attention  of  the 
inhabitants  of  the  town  to  the  fact  that  they  cannot  be  too  careful 
in  regard  to  their  sewerage  ;  and  also  in  drinking  spring  water  to  be 
sure  that  there  is  no  sewer  drainage  near  the  spring,  as  the  board 
feel  confident  that  one  death  in  the  town  during  the  year  resulted 
from  drinking  water  from  a  spring  whose  water  was  saturated 
with  the  drainage  from  a  leaking  sewer. 

Provinceto  WN . 

"We  have  been  almost  exempt  from  any  of  the  contagious  and 
infectious  diseases  which  have  prevailed  so  extensively  in  some 
parts  of  New  England.  A  few  cases  of  scarlet-fever  were  re- 
ported during  the  winter  and  spring,  but  they  were  of  an  unusually 
mild  type,  and  as  every  precaution  was  taken  to  guard  against  its 
spread  it  did  not  prevail  as  an  epidemic.  Typhoid  fever  prevails 
more  or  less  every  year  among  the  more  crowded  portions  of  our 
community. 

It  is  a  difficult  matter  for  the  sanitary  laws  to  be  fully  observed 
where  there  is  so  much  crowding  together ;  especially  is  this  the 
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case  where  we  have  no  system  of  sewerage,  something  that  our 
town  sorely  needs,  and  which  must  come  in  the  near  future. 


QUINCY. 

Number  of  inspections  made,  3,180.  Nuisances  discovered, 
413.     All  but  12  were  abated. 

In  the  list  occurs  frequently  the  mention  of  an  uncleaned  cess- 
pool or  privy  vault.  This  will  be  understood  by  bearing  in  mind 
that  the  custom  is  rapidly  spreading  of  building  houses  in  locali- 
ties where  the  price  of  land  is  moderate,  but  where,  from  the 
swampy  nature  of  the  soil,  it  is  impossible  to  secure  a  dr}'^  cellar 
or  to  thoroughly  empty  a  cesspool.  We  therefore  make  the  sug- 
gestion that  in  future  the  Commissioner  of  Public  Works  refuse 
permission  to  build  whenever  the  character  of  the  ground  indicates 
that  the  intended  dwelling  will  be  unfit  for  habitation. 

Cases  of  contagious  diseases  reported  to  the  board  :  diphtheria, 
67  ;  scarlet-fever,  12  ;  typhoid  fever,  52  ;  measles,  6.  Deaths  : 
diphtheria,  20  ;  scarlet-fever,  1  ;  typhoid  fever,  7. 

The  cases  of  typhoid  fever  reported  to  the  board,  as  well  as 
those  which  have  come  under  the  treatment  of  the  City  Hospital 
staff,  have  been  almost  without  exception  among  people  who, 
either  through  prejudice,  or  from  necessity,  take  their  supply  from 
a  well.  Diphtheria  was  also  extremely  prevalent,  in  some  locali- 
ties, constituting  a  veritable  epidemic. 

Rockland. 

During  the  past  year  but  6  cases  of  diphtheria  have  been 
reported,  only  2  cases  of  typhoid  fever,  and  12  cases  of  scarlet- 
fever.  Of  the  cases  of  diphtheria  3  were  fatal ;  of  the  typhoid 
fever  and  scarlet-fever  cases  reported  none  were  fatal,  and  most 
of  those  reported  were  of  a  mild  type. 

There  were  fewer  complaints  of  nuisances  than  have  been  here- 
tofore reported  during  a  year.  In  almost  every  instance  house- 
holders and  property  owners  -have  co-operated  with  the  board 
of  health  in  rectifying  and  abolishing  nuisances  wherever  they 
occurred. 

Salem. 
There  have  been  125  cases  of  scarlet-fever  this  year  against  106 
last  year.  The  type  has  generally  been  ver}^  mild,  but  two  ter- 
minated fatally.  There  were  23  cases  of  diphtheria,  7  of  which 
terminated  fatally ;  and  44  cases  of  typhoid  fever,  7  of  them 
fatal. 
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Saugus. 

There  were  reported  to  this  board  14  cases  of  sickness  from  con- 
tagious diseases,  of  which  12  were  diphtheria  and  2  scarlet-fever. 

The  introduction  of  a  public  water  supply  increases  very  mate- 
rially the  amount  of  water  used,  and  citizens  must  not  forget  that 
a  larger  use  of  water  makes  a  corresponding  increase  in  the  amount 
of  sewage  to  be  taken  care  of,  and  although  their  cesspools  have 
answered  in  the  past,  yet  under  the  new  conditions  either  more 
care  and  frequent  emptying  or  an  enlarged  cesspool  is  necessary. 

Sharon. 

The  death-rate  for  the  year  was  considerably  in  excess  of  that 
of  the  previous  year,  the  number  reported  having  been  37  as  com- 
pared with  27  for  1889,  an  increase  of  a  little  more  than  one-third. 

To  give  a  fair  and  impartial  rendering  of  the  unusually  large 
death-rate  for  the  past  year,  one  must  be  advised  as  to  the  fact 
that  a  considerable  number  of  the  deaths  registered  (11)  for  1890 
were  of  foreign  import,  mostly  invalids  from  other  parts. 

SOMERVILLE. 

Scarlet- fever. — The  year  1890  shows  a  slight  decrease  of  the 
number  of  cases  reported  as  compared  with  1889,  there  being  192 
cases  reported  in  1889,  and  but  161  cases  in  1890.  It  has  con- 
tinued to  be,  as  in  1889,  of  a  comparatively  mild  type,  there  being 
but  5  deaths  in  1890  and  7  in  1889. 

Warning  cards  are  placed  on  the  houses,  and  the  premises  fumi- 
gated after  the  termination  of  the  disease. 

Diphtheria.  — There  have  been  117  cases  reported  and  21  deaths 
during  the  year,  as  compared  with  130  cases  reported  and  28 
deaths  in  1889. 

We  use  warning  cards  and  fumigation  in  dealing  with  this  dis- 
ease, the  same  as  with  scarlet-fever,  and  we  also  have  the  sanitary 
conditions  of  the  premises  investigated. 

Typhoid-fever.  —  There  has  been  a  much  less  number  of  cases  in 
1890  than  in  1889,  but  the  disease  has  proved  more  fatal,  there 
being  61  cases  and  7  deaths  in  1889,  and  37  cases  and  10  deaths 
in  1890. 

We  examine  the  sanitary  condition  of  the  premises,  but  do  not 
use  a  warning  card  or  fumigation. 

Springfield. 
In  spite  of  the  severe  epidemic  of  the  grippe,  which  occurred  at 
the  beginning  of  the  year,  our  death-rate  has  been  but  19.42  per 
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thousand  of  population,  and  deaths  from  contagious  disease, 
excluding  those  from  grippe,  have  been  less  frequent  than  in  pre- 
ceding years. 

Diphtheria  and  croup,  which  last  year  caused  the  deaths  of  89 
persons,  have  this  year  claimed  but  44;  there  were  118  cases 
reported  to  the  board  of  health  against  213  in  the  preceding  year. 
But  25  of  these  213  cases  occurred  in  the  latter  half  of  the  year, 
and  at  the  time  of  writing  this  report  there  is  no  case  known  to 
exist  in  the  city. 

Scarlet- fever  has  been  more  frequent  than  in  1889,  but  is  gener- 
ally very  mild,  only  7  deaths  resulting  from  it. 

There  have  been  many  cases  of  measles  about  the  city,  but  the 
custom  of  reporting  the  disease  is  not  yet  well  established,  and  it 
is  impossible  to  say  to  what  extent  it  has  prevailed.  There  were 
6  deaths  reported. 

Erysipelas  caused  1  death  ;  typhoid  fever,  14 ;  septic  diseases, 
10  ;  and  tuberculosis,  125,  This  last  disease  is  at  present  receiv- 
ing much  attention  from  the  physicians  and  sanitarians,  and  at 
some  time  it  will  be  considered  a  part  of  the  duty  of  boards  of 
health  to  undertake  its  control.  It  has  already  been  shown  that  it 
is,  in  a  sense,  contagious  ;  that  the  contagion  exists  in  the  sputum 
of  consumptives,  and  that  such  sputum  ought  to  be  carefully 
destroyed. 

Stoneham. 

It  is  seldom  that  a  case  of  contagious  disease  is  reported.  The 
record  of  the  year  shows  5  cases  of  diphtheria,  11  cases  of  scarlet- 
fever,  1  of  typhoid  fever. 

The  prompt  attention  of  the  board  has  been  given  in  each  case 
reported,  and  where  remedies  could  be  applied  they  have  been 
quickly  adopted. 

SWAMPSCOTT. 

During  the  year  we  have  received  and  investigated  all  com- 
plaints brought  to  our  notice,  and  have  received  10  official  notices 
of  contagious  diseases,  consisting  of  8  cases  of  scarlet-fever,  1 
of  diphtheria,  and  1  of  typhoid  fever,  which  proved  fatal.  There 
has  been  only  one  death  from  contagious  diseases  this  last  year, 
and  the  general  health  of  the  town  has  been  good. 

Taunton. 
The  failure  of  the  sewer  project  has  left  our  city  still  behind  in 
the  march  of  improvement,  and  leaves  a  heavy  responsibility  upon 
the  health  department,  which  it  can  meet  only  in  a  partial  degree. 
In  many  places  the  existing  conditions  must  remain  as  they  are 
until  we  can  obtain  an  efficient  system  of  sewerage. 


570  STATE  BOARD   OF  HEALTH.     [Pub.  Doc. 

The  board  has  succeeded  in  having  a  complete  overturn  in  the 
matter  of  the  collection  of  night-soil,  and  the  contents  of  cess- 
pools. Three  odorless  excavators  are  now  in  use,  entirely  super- 
seding the  old  box  method.  The  work  is  now  all  done  in  the 
daytime,  and  without  offensive  odor,  and  in  a  much  shorter  time. 
By  this  method  cleanliness,  iuoffeusiveness  and  entire  removal  are 
secured,  with  safety  and  inodorousness  of  carriage. 

Waltham. 

The  few  cases  of  contagious  disease  reported  to  the  board  have 
been  light,  with  one  exception,  and  have  not  spread  beyond  the 
families  in  which  they  first  appeared. 

One  case  of  bovine  tuberculosis  came  to  our  notice,  and  one 
cow  in  the  same  herd  in  which  it  occurred  was  bought  by  private 
funds,  killed,  and  found  diseased.  One  other  cow  was  quaran- 
tined and  the  disease  does  not  seem  to  have  extended. 

The  regulations  of  the  board  have  been  carefully  revised  this 
year,  the  plumbing  and  drainage  specifications  amplified,  and  the 
whole  published  in  more  convenient  form. 

The  board  of  health  should  lead,  not  follow,  public  opinion  on 
sanitary  subjects. 

To  protect  the  people  as  far  as  possible  against  the  losses  and 
dangers  attending  the  use  of  milk  or  provisions  in  any  way  in- 
fected or  debased,  we  recommend  that  the  clerk  of  the  board  of 
health  be  appointed  inspector  of  milk,  also  of  provisions  and 
animals  intended  for  slaughter,  after  adoption  of  chapter  58,  Pub- 
lic Statutes. 

We  propose  to  make  some  provision  before  hot  weather  whereby 
sterilized  milk  shall  be  on  sale  under  the  guaranty  of  the  board. 
We  hope  to  perfect  such  arrangements  with  the  health  boards  of 
neighboring  towns  that  no  dealer  shall  be  allowed  to  sell  milk  in 
this  city  without  furnishing  satisfactory  proof  that  his  cattle  and 
his  premises  are  in  good  sanitary  condition. 

We  are  looking  forward  with  much  pleasure  to  the  completion 
and  general  use  of  our  system  of  sewerage.  The  cesspool  must 
go,  and  may  the  privy  vault  not  linger  long  after  it.  But  our  joy 
in  contemplating  this  consummation  is  somewhat  subdued  by  the 
consideration  that  the  expense  of  the  blessing  will  press  severely 
on  some,  and  that  many  will  resist  its  application  to  themselves. 

We  believe  that  the  time  has  come  when  some  public  action 
should  be  taken  respecting  the  dog  nuisance.  We  unhesitatingly 
take  the  ground  that  no  one  has  the  right  to  turn  dogs,  more  than 
other  animals,  loose  on  the  streets. 
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Recommendations. 

Setting  off  parks  and  play  grounds. 

Rapid  extension  of  concrete  sidewalks. 

Watering  the  streets  eight  or  nine  months  of  the  year  wherever 
the  citizens  will  co-operate  to  the  extent  of  paying  one-half  the 
cost. 

Removing  and  renovating  the  pest-house. 

Placing  the  collection  of  ashes  again  in  the  hands  of  this  board. 

Adoption  by  the  city  of  the  provisions  of  chapter  58,  Public. 
Statutes  (relating  to  inspectors  of  meat,  etc.). 

Appointing  the  agent  of  the  board  of  health  inspector  of  milk. 

Appointing  the  agent  of  the  board  of  health  inspector  of  meat, 
provisions,  animals  intended  for  slaughter,  etc. 

The  adoption  of  the  provisions  of  chapter  74  of  the  Acts  of 
1890  (relating  to  privy  vaults  on  sewered  streets). 

The  adoption  of  an  ordinance  requiring  that  all  dogs  owned  in 
the  city  shall  be  prevented  from  running  at  large. 

Contagious  diseases  reported  to  the  board  of  health  in  1890  : 
diphtheria,  8  ;  typhoid  fever,  27  ;  scarlet-fever,  16  ;  total,  51. 

Ware. 

During  the  past  year  there  has  been  less  disease  of  a  contagious 
character  in  town  than  in  many  of  the  preceding  years.  The 
whole  number  of  cases  reported  is  35,  classed  as  follows  :  2  cases 
of  diphtheria,  5  cases  of  typhoid  fever  and  28  cases  of  scarlet- 
fever.  Of  the  28  cases  of  scarlet-fever  but  one  proved  fatal. 
This  is  a  remarkably  low  percentage  of  deaths  for  that  disease. 
Both  cases  of  diphtheria  died.  ' 

A  large  number  of  cases  of  chicken  pox  occurred  in  the  vicinity 
of  North  and  Vigeant  streets,  and  many  of  the  children  were 
absent  from  school  with  it,  but  on  account  of  the  benign  character 
of  the  disease  the  schools  were  not  closed. 

We  have  had  our  attention  called  again  to  the  nuisance  caused 
by  keeping  swine  within  the  limits  of  the  fire  district.  The  board 
of  health  regulations  say,  "  No  swine  shall  be  kept  within  the 
limits  of  the  fire  district  unless  the  pens  are  kept  thoroughly  dry 
and  regularly  disinfected  ;  "  and  as  this  practically  means  that  no 
swine  shall  be  kept  within  the  village  limits  at  all,  especially  in 
summer  time,  it  would  be  well  for  all  persons  having  any  to  dis- 
pose of  them  before  the  hot  weather  comes  on. 

Westfield. 
During  the  year  37  cases  of  contagious  diseases  were  reported : 
15  of  diphtheria,  9  of  scarlet-fever,  7  of  measles,  4  of  scarlatina, 
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2  of  typhoid  fever.  In  each  family  in  which  these  cases  existed 
the  strictest  quarantine  was  insisted  upon.  In  one  family,  in 
which  were  four  cases  of  scarlet-fever,  the  disease  was  confined  to 
that  family,  and  no  scarlet-fever  since  reported. 

WOBURN. 

During  the  year  physicians  reported  19  cases  of  diphtheria,  33 
of  scarlet-fever,  and  23  of  typhoid  fever,  of  which  cases  4  of 
typhoid  fever  and  one  each  of  diphtheria  and  scarlet-fever  were 
fatal. 

Worcester. 
Infectious  Diseases  reported  to  the  Board  of  Health. 


Number  of 
Cases. 

Number  of 
Deaths. 

Death-rate 
per  Cent. 

Diphtheria,.         ..... 

Scarlet-fever,      .         .         .         .        . 

Typhoid  fever, 

Measles,      .         .        .         .         ... 

115 

100 

91 

158 

20 
6 

15 
1 

17.39 

6.00 

15.95 

.63 

Of  the  various  methods  for  the  disposal  of  garbage  it  seems 
that  some  form  of  burning  or  treatment  by  heat  offers  the  greatest 
advantage.  Such  disposition  of  our  filth  is  surely  sanitary  and 
effective,  and  according  to  the  best  authorities  the  most  economical 
method  possible  for  an  inland  city. 

Garbage  and  house  offal  are  of  but  little  value  as  fertilizers, 
and  if  used  at  all  are  in  the  best  form  after  they  have  been  through 
one  of  the  modern  furnaces  and  all  dried  and  ground  to  a  fine 
powder. 
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Cinchona  alkaloid  salts 447 

Citrate  of  iron  and  quinine 448 

Clinton,  examination  of  water 130 
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Health  of 557 

Hydrophobia  in xxxvi 

Milk  of    .        . 399 

Mortality  of .        .        .      474 

Five-mile  Pond,  Springfield ' .        .        .      250 

Flow  of  streams 330 

Food  and  drug  inspection 1,375 
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Lancaster,  milk  of        . 442 

Lard 433 

Lawrence : 

Examination  of  water,  — 

Distributing  Reservoir 167-169 
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Force  main 165,  166 
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Medical  examiners'  returns xlix 


INDEX.  583 


PAGE 

Melrose,  health  of ■ 563 

Hydrophobia  in xxxiv 
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New  Bedford,  examination  of  water 210,211 
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Milk  of 398 
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Newton,  examination  of  water : 
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Noxious  and  offensive  trades li 
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Pittsfield,  advice  of  Board  as  to  sewage  disposal 16 
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Whooping-cough,  mortality  from 467 

Williams  Lake,  Marlborough 202,  203 

Williams  Spring,  Wellesley  Waterworks 269 

Williamstown,  examination  of  water  from  Cold  Spring 277 
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Leicester  supply,  Lynde  Brook  Reservoir 286-288 
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